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The operation of the three Pile or 100 Areas requires the utilization
of an appreciable amount of the water in the upper Columbia River which, •
under extreme conditions, may approach one per cent of the river flow. Such
extreme conditions can exist during the winter months when the river is at a
low stage if all three areas are operating at capacity. Much of the water
which is utilized by the plants is altered both chemically and physically
before being returned to the river and if present in sufficient volume might
be expected to exert an effect on the fish and other life of the river.
What these effects might be could not be predicted with certainty and con-
siderable concern was felt for the valuable runs of salmon and other fish
frequenting and spawning in the upper Columbia River.

In order to determine whether or not the more important species of
fish might be harmed by the presence of the effluent water from the Pile
Areas a laboratory was set up in the 100-F Area. This laboratory was so con-
structed that conditions which existed in the river could be duplicated as
nearly as possible and that the effects of various concentrations of the area
effluent water upon eggs and young fish could be studied. In the following
pages a detailed description is given of the laboratory conditions and of the
first series of experiments which were undertaken.

SU6BURY

Three separate experimental studies are covered in this report, namely
a pilot study on chinook salmon fingerlings, an extensive study on steel-
head trout fingerlings and a comprehensive study on chinook salmon eggs, fry
and fingerlings. The test animals were held in wooden troughs similar to
those used in most fish hatcheries and were subjected to various mixtures of
the area effluent water and Columbia River water. The water mixtures or
conditions in which the fish were held during the pilot experiment and the
first part of the steelhead trout experiment were as followss

Straight area effluent water partially cooled.
Straight area effluent water refrigerated.
One part refrigerated effluent water to 500 parts of river water.
One part effluent to 50 parts of river.water.
One part effluent to 100 partsof river water.
One part effluent to 250 parts of river water.
One part effluent to 500 parts of river water.
One part effluent to 1000 parts of river water.
Straight river water.

- During the latter part of the steelhead trout experiment and during the
second chinook salmon experiment, dilutions of one part effluent to three
parts river water and one part effluent to ten parts river water were sub-
stituted for the 1s500 dilution using refrigerated effluent and 1:100 dilu-
tion. The experimental conditions were run in duplicate except for the river
water control which was run in quadruplicate.

Anticipated difficulties in the control of experimental conditions and
fish diseases materialized but were largely eliminated during the pilot test
and the early part of the trout studies. Inasmuch as these early studies
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were included chiefly as a test of equipment and conditions, their purpose
was accomplished and in addition some evidence of the effect of the various
concentrations of effluent water on the fingerling size salmonoids was
obtained.

The pilot study demonstrated that undiluted area effluent water,
whether only partially cooled or refrigerated to within the normal tempera-
ture range of salmon, was not suitable for the survival of chinook salmon
fingerlings and was occasionally quickly lethal. Any possible effects which
dilutions of the effluent water might have had were obscured by disease and
mechanical difficulties.

The steelhead trout experiment showed much the same result. Extremely
heavy mortalities occurred in the undiluted effluent water and, on occasion,
in a dilution of one part effluent to three parts river water. The presence
of some factor to which the trout were very sensitive, (probably °Calol°),
killed many of the fish in the undiluted effluent water on August 31, 1945
and many more in the undiluted effluent and 1:3 dilution on October 11 and
16, 1945. The growth of the trout in both refrigerated and unrefrigerated
effluent water was markedly retarded and growth in the 1:3 dilution was

.y slowed for a short period following the adverse condition of October 11 and
16. There was no other evidence of increased mortality or retarded growth
among the trout held in dilutions of the area effluent water. The growth of
the trout was actually faster in the 1:3, 1:10, 1:50, 1:250 and possibly the
1:500 dilutions than in straight river water. This increased growth rate
was probably the result of slightly higher water temperatures in the higher

° concentrations of the area effluent water.

^
The second chinook salmon experiment furnished a more sensitive test.

DTewly fertilized eggs were particularly susceptible to the presence of area
effluent water and its accompanying higher temperatures and those held in
the unrefrigerated effluent water and in the 1:3 dilution failed to develop.
A large proportion of the eggs hold in the 1:10 dilution did not hatch and
egg mortalities significantly higher than those in the control lots could be

;y demonstrated statistically in dilutions as high as one part effluent to five
hundred parts of river water.

C7^

Growth and development during the fry and fingerling stages were greatly
retarded in undiluted area effluent water and in the 1:3 dilution and further
practically all of the fish held in these water conditions died. In the 1p10
dilution the rate of mortality among the fry and fingerling salmon was greatly
increased, more deformed fish were present, and many of the surviving fish
were emaciated, subnormal in size and susceptible to disease. However, some
individuals were able to tolerate this concentration and made rapid growth.
In dilutions of 1:50 or more the area effluent water did not appear to ad^
versely effect either the growth or the mortality of the fry or fingerling.
chinook salmon.

EXPERIIM?TAL DESIGN

General proaram

^....
A conference was held on the campus of the University of California,

Berkely, California on June 9, 1945 at'which the basic plan for studies to be
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conducted at the Fish Laboratory was discussed and formulated.(1) Attonding
this meeting were Col. S. L. Warren, Lt. Col. H. L. Friedell, Maj. A. A.
Whi.te.and.Dr..Howland of the Medical Corps., Manhatten District, and Dr. L.
R.•Donaldson of the University of Washington.

It was the opinion of-this group that the best way to determine the
effect of the effluent water was to set up a series of dilutions in which
fish could be reared. The program of fish studies was to be synchronized as
nearly as possible with the expected sequence of events as they would effect
the natural runs of fish in the river.

One series of experinents was to include the rearing of chinook salmon
fingerlings, eggs, fry and advanced fry under the various water conditions
available at the laboratory. Studies were to be made on mortality, growth
in weight, growth in length and such other criteria on the physiological
condition and vitality of the fish as would seem useful in evaluating the
the effect of the effluent water.

1P A second series of experiments would use select steelhead-rainbow stock
as test animals so that in addition to the data gathered on the salmon a
series of spawning studies could be worked out to test the effect of the
effluent on the reproductive capacity of the fish.

^ Laboratory Conditions

The laboratory facilities could accomodato twenty lots of fish. How-
ever, each dilution or water condition was to be run in duplicate, with the
exception of the °control" lots in straight river water where it was thought
best to run quadruplicatos and thus nine conditions could be studied at one
time. The dilutions to be used in the laboratory were arranged so that con-

`^^ ditions both above and below those expected to exist in the river could be
evaluated. After complete mixing in the Columbia a maximum effluent to
river water ratio of 1:100 might be possible during the low river stage in
November, December and January. An average ratio of 1:500 was expected.
Since the salmon and trout normally would react unfavorably to the warm

0` temperature of the effluent water^ regardless of other physical and chemical
characteristics, experimental conditions were to be included which would
utilize cooled effluent water.

The proposed combination of dilutions was as follows:

Lots l&2 . . . . . .
Lots 3 & 4 . . . . . .
Lots 5 & 6 . . . . .

' Lots 7 & 8 . . . . . .
Lots 9 & 10 .. . . . .
Lots 11 & 12 . . . . .
Lots 13&14 . .. . .
Lots 15 & 16 . . . . .

. Lots 17, 18, 19 & 20^,

100% effluent water.
. . 100% effluent water, refrigerated.
.. 1 part refrigerated effluent water to

500 parts river water.
1 part effluent to 50 parts river water.
1 part effluent to 100 parts river water.
1 part effluent to 250 parts river water.
1 part effluent to 500 parts river water.
1 part effluent to 1000 parts river water.

. . 100% river water.

(1) "Program of Fisheries Experiment for the Hanford Field Laboratory"
Transmitted to W. 0. Simon by Major A. A. white, 9 July, 1945.

- 3 -
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Schedule .•

A pilot experiment of about six week's duration was to run from July 10
to August 20, 1945. This trial experiment was to serve as a testing period
thus affording an opportunity for correcting mechanical defects and gaining
a background of information to be used in determining the dilution levels to
be used in subsequent experiments.

Following the pilot experiment a period of readjustment was to extend
into September. During this period equipment was to be repaired, dilutions
regrouped, and adjustments made to prepare the laboratory for the subsequent
experiments.

The adult chinook salmon that migrate up the Co]umbia River during the
spring and summer months reach maturity and spawn in September and October.
The studies at the Fish Laboratory were to be arranged to follow, as nearly
as possible, the expected stages of development of the progeny of such adults.
As soon as the temperature of the Columbia had fallen to 13°- 14°C, that is

.C3 when the water was cool enough to permit a normal development of eggsj ferti-
lized chinook salmon eggs were to be brought to the laboratory and incubated
under the various water conditions specified. Appropriate studies were to
be made on the developing eggs and on the young fish or fry which hatched
from the eggs. Following the egg and yolk sac fry experiments, the problem
was to be continued using the young salmon which reached the feeding stage.
A redistribution of the test animals using either a fresh stock or by divid-
ing the flexcess" control fish might prove opportune at this time.

The surviving stoelhead trout used in the preliminary experiment during
the sunmer wbre to be hold in the various concentrations of area effluent
water until late in December, 1945 or until such time as their size made it
impractical to hold them in the laboratory troughs. They would then be
returned to the holding ponds at the University where they could be reared

-- to maturity.

^ EQUIPMENT 6RRANGER4ENT (1)

rn
General

The Fish Laboratory is housed in a Pacific Hut providing approximately
1,280 square'feet of floor space. Twenty hatchery troughs, each approxi-
mately twelve feet long by twelve inches wide by nine inches deep^ are pro-
vided. These troughs are arranged in pairs, with a common wall between each
pair. Each trough is provided with water supply, soreens, baffles and drains
as required to conduct the experiments.

3

The laboratory is also provided with food storage bins, a deep-freeze
unit, a household refrigeration unit and an electric meat chopper for the

(1) The arrangement described here is, in many cases, somewhat different i
tbrr that originally provided since changes were found necessary in
order to maintain satisfactory operating conditions. The reader is

L-' referred to an earlier documont, ItFish Laboratory Experience to
December 25, 1945" for a description of the original arrangement and
modifications that were found necessary.

- 4 -
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storage and preparation of fish food. Technical equipment includes micro,.
scopes, balance-type scales, an adding machine, a calculating machine and a
limited amount of chemical glass ware. Portions of the building are parti-
tioned off to provide office space and house toilet facilities.

River Water Supply

River water is supplied to the Laboratory via a six inch main origina-
ting from the emergency water supply line to the main Area Reservoir (Bldg.
182). Pressure from the River Pump House (Bldg. 181) elevates the water into
a 250 gallon head tank before it enters the Laboratory. The head tank is
equipped with a float valve and overflow to maintain a constant head (10 ft.
H20). The elevation of this tank is slightly higher than that of the main
reservoir, so its filling requires delivery from the River Pump House. In
the event of an outage of the latter, the head tank may be by-passed to allow
water from the reservoir to flow by gravity directly to the Laboratory.

A 16-mesh "top hat" strainer in the head tank prevents solids in the
^. river water from entering the Laboratory and clogging control valves. The

laboratory is supplied with the river water from the head tank via a 4-inch
header and Troughs 5 to 20 inclusive, are fed by one-inch downcomers from
this header. The flow to each trough is controlled by 3/8 inch gate valves.

r^ Area Effluent Vlater Supp7y

Warm pile effluent from the Retention Basin (Bldg. 107) is combined with
all other area effluents at the main sewer junction (Bldg. 1904). This mixediw
area effluent water is delivered to the Fish Laboratory via two centrifugal
pumps, each powered by 7.5 H. P. induction motors. These pumps develop a
pressure of approximately 80 psi against a closed discharge. The Pump House
(Bldg. 147) was erected to house these pumps, on2y one of which is normally
operated while the second is held as stand-by. In October 1945, a 20-mesh
strainer was installed in the pump discharge header at the Pump House to
prevent the passage of coarse solids to the head tanks of the Fish Laboratory.
In May, 1946 this was supplemented by a sand trap.

O`
A portion of the area effluent water delivered to the Fish Laboratory

is directed into a 25 gallon head tank located on the same platform as the
river water head tank. This tank also is equip ed with a float valve and
overflow to maintain a constant head (7 ft. H2O^. For the pilot tests, a
1j inch header from this tank was reduced to j inch diameter to feed Troughs
7 to 16 inclusive. AJ- inch downcomer with needle valve supplied each trough.
However, satisfactory flows could not be maintained with this system. For
later experiments a 12 j gallon head tank was installed inside the laboratory
and supplied by the j inch header mentioned above. This small tank main-
tained a constant head of approximately 2 feet. AJ- inch header fabricated
from glass tubing syphoned area effluent water from this tank to Troughs 9
to 16 inclusive. A glass capillary tube of a diameter yielding approximately
the desirod flow was connected by rubber hose to the and of each inch down-
comer tube from the header. Fine flow control was obtained by raising or
lowering the capillary. The -^ inch downcomers to Troughs 7 and 8 were also
provided with rubber tubing connections for glass tube orifices.

Salmon and trout cannot siuvive for an extended period in water warmer

5
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than 21.°C. Since the temperature of the area effluent water (25° to 30°)

generally exceeds this limit some cooling was necessary before delivering it

to Troughs 1 and 2. A second portion of the effluent water from the Pump

House is directed into a series of cooling coils laid in a ditch in the floor

of the laboratory. The water discharged from the fish troughs flows through

this ditch and effects cooling of the effluent water in,the coils, reducing

the temperature to within 40 to"6°C of that of the river water. This par-

tially cooled water is then directed into two commode-type reservoirs., com-

plete with float valves which reduce the pressure and maintain a constant

head of about 4 feet. These tanks are arranged to operate in parallel and

each comr.unicates with a common header supplying Troughs 1 and 2. The flow

to each trough is regulated by aj inch gate valve.

^
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A third portion of the area effluent water from the Pump House is dir-

ected into another series of cooling coils nearly identical with those des-

cribed above. In this incidence they are called pre-cooling coils since

final cooling of the water is accomplished in two freon refrigeration units

of the evaporator-type, each with a capacity of approximately two tons.

These refrigeration units are operated in parallel and the temperature of

the water is controlled by a thermostatic switch which cuts the units in or

out as required. The refrigerated effluent water is finally delivered to an

insulated 25 gallon head tank located on the same platform with the two large

head tanks previously described. This head tank for the refrigerated water

is also equipped with a float valve and overflow line to maintain a constant

head (7 ft. H20). From this head tank refrigerated water is supplied to

Troughs 3 and 4 via If inch insulated line. The flow to each trough is regu-

lated by 3/8 inch gate valves.

During the pilot tests a small amount of refrigerated effluent water

was also supplied to Troughs 5 and 6 via a-j inch header extension of the

line supplying Troughs 3 and 4. Glass capillary tubes connected to down-

coners from the 4 inch header via rubber hose controlled the flow.

The effluent water headers supplying Troughs 1, 2, 3 and 4 were also

cross-connected to the river water header so that these troughs could be

temporarily suppliedwith river water in the event of an outage of the efflu-

ent water pumps.

Miscellaneous

An alarm system operates on the area effluent water supply and sounds

when head is lost in the refrigerated effluent head tank. This alarm pre-

vents an unnoticed failure of effluent water supply which would result in

complete loss of flow to Troughs 1, 2, 3 and 4.

Two 4-point Leeds and Northrup temperature instruments record the

water temperature in eight of the twenty troughs. These instruments are

equipped with alarm trips which warn of abnormally high temperatures. A

counting rate meter records the activity of the area effluent water in

Trough 2.

Plate I shows the arrangement of the

effluent water supplies; the control panel

seen in the background. Plate II shows the

troughs and of the river and area
of the refrigeration units can be

end of the laboratory opposito5to

-6'
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PI,ATE I

N
General view of the Fish Laboratory

Cr
Troughs and water supply systems are shown in the foreground9
refrigeration equipment in the background.
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PLATE II

South and of Fish Laboratory
tIffiae is behind partition

=--- ---- __. __ --- ----^-•. ;.
PLATE III

Food Prepr,ration and Storage Equipment.
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^.^ that depicted in Plate I, some of the instrunen a ion isfevident and the office
is situated beyond thepartition. Plate,III shows the food storage and pre-
paration area and equipment. -

METHODS

eratine Personnel

The writer, designated a senior supervisor in the °P° Department was
responsible for the Fish Laboratory and the experimental work. He was assisted
by Mr. A. 0. Schroder, an "A° operator regularly assigned to the day shift.
The laboratory was operated during the 4-12 and 12-8 shifts, and during relief
periods by an operator assigned for this purpose to each of the four shift
crews working in the "P't Department portion of the 100-F Area,

Caro of Test Aninals

Care of the eggs and young fish followedstandard hatchery practices.
-^ Every attempt was made to subject all of the test groups to the same amount of

handling, care and treatment.
r^+

A large portion of the diet of the fish consisted of condemned beef liver
obtained fresh from a slaughter house in Kennewick, Washington, approximately
every two weeks. This liver was usually mixed with a prepared meal containing
diatary supplements, and with frozen salmon carcass, or condemned canned
salmon. A Mixture was made up fresh two to three tines a week and the fish
were fed all that they would consune without waste. Frequency of feeding
ranged from about six feedings daily for advanced fry to two feedings daily
for large fingerlings.

From time to time it was necessary to treat the fish to control disease
or as a prophylaxis. Occasionally a commercial germacide, "Roccol", was used
at a dilution of 1/50000 for a period of one hour. During such treatments
the water in each-trough was re-cireulated by centrifugal pump for a few
minutes to insure sufficient aeration of the water and to accomplish complete

er+ mixing of the chemical. Common salt was administered weekly during warm
weather at a strength of three per cent for a period of one-half hour. On a
few occasions it was necessary to add 0.2 per cent of the drug "Carbarsone"
to the diet. The necessity for the use of these chemicals will be described
in following sections.

Control of Water Flows

An attempt was made to maintain the flow of water through most of the
troughs at a rate of five gallons per minute. However, the capacities of the
pre-cooling coils and the refrigeration units was not great enough to pro-
perly cool this amount of water for Troughs 1, 2, 3 and 4. The flows to theAe
four troughs then, was held as nearly as possible to three gallons per minute.
The flows to two of the four control troughs on straight river water, Troughs
19 and 20, were also reduced to three gallon per minute so that any difference
in the condition of the fish attributable to a flow of three rather than five
gallons per minute, might be recognized. In the troughs receiving both river
and area effluent water, the combined flow was regulated as nearly as practi-
cal to five gallons per minute.

-9- ^
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The rate of flow of both effluent and river water to each trough

was measured twice each shift or six times a day. Any flow found to be in-

correct was readjusted to the proper level. The rate of flow was measured

by running the water into a glass graduated cylinder for a definite period,

timed by a stop watch. Form sheets were provided so that a record of rate

of flow to each trough could be kept. A typical record sheet for the chin-

ook salmon experiment is shown in Appendix Table 1.

The gate valves or glass capillary tube tips described under

"EQUIPMENT" maintained the desired rates of flow with the following success:

The 3/8 inch gate valves on the river water supplies maintained a

flow within five per cent of the desired level about 97 per cent of the time.

The glass capillary tube orifices on the effluent water supply maintained a

flow within five per cent of the desired level about 85 per cent of the time.

The J inch gate valves on the effluent water supply to Troughs 1

and 2 and the 3/8 inch gate valves on the effluent water supply to Troughs 3

and 4 maintained flows within five per cent of the desired level about 94 per

cent of the time.

t14
Collection of Data

S*ti
A daily record was kept of the number of fish dying in each trough.

Mortalities among the developing eggs were removed at appropriate intervals.

Weights of the fish were taken every two weeks and length measurements were

made every four weeks. Observations on the condition, action and appearance

^ of the fish were recorded as the occasion warranted. In addition to the con-

tinuous instrument record of the temperatures in eight of the troughs a daily

^.. record was made of the temperature in each pair of troughs.

In order to obtain the average weight of a lot of fish, a large

sample or in some cases all of a group was counted out into a bucket of water.

These fish were then emptied from the bucket into a net and the excess water

allowed to drain off. Then the fish were placed in a pan of water previously

counter-balanced on a scales. The increased weight of the pan of water repre-

N sented the weight of the fish. At the termination of steelhead trout studies,

the fish were weighed individually using a similar technique.
Cs• ^.

The fish were small and of uniform size at the start of experiments,

and could be held for measurement by guiding them into a piece of glass tub-

ing via a funnel. Their length was fixed on a pair of dividers which were

then applied to a millimeter rule in order to obtain the reading. Larger

fish were held for measurement by covering them with a wet sheer piece of

cotton cloth which held them against a board. The fish could easily be seen {

through the wet cloth and were measured with dividers and a millimeter rule

as before. In every case the "standardlt length was taken, which is the dis-

tance from the tip of the snout to the base of the caudal fin rays.

During the incubation of fish eggs the time of removal of mortal-

does not necessarily coincide with the time of death or stage of devel-ities
opment of the embryo. In order to determine the stage of development at

which each egg died it was first necessary to "clear" it or render it trans-

parent. This was done by placing it in a solution of common salt.which
\.,^• .,.
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WATER TEMPERATURES AT THE FISH LABORATORY
FROM JULY,1945 TO JULY,1946
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fish tank owned by the University of Washington. On arrival at the Fish
Laboratory the ^aimon were tempered with river water for about forty-five
minutes and then placed in Troughs 17, 18, 19 and 20 for further acclimati-
zation to the Columbia River water before being subjected to the various dilu-
tions of effluent water.

Mroerience and Conditions

Within twenty-four hours after arrival about tnn per cent of the
sal[ion developed a severe "gas bubbleft disease which caused the fish to become
"pop-eyed" and to develop gas blisters under the skin and membranes of the
eyes and mouth. This disease was probably caused by the transfer of the fish
into a new water environment of different physical and chemical properties and
more specifically by the fact that the river water at the Fish Laboratory is
supersaturated with dissolved gases. The disease gradually disappeared over
a period of about three weeks with a resultant mortality of about fifteen per
cent of the salmon. Many of the most severely effected fish improved rapidly
after being placed in straight effluent water which had a lower gaseous
content.

C^. After the fish had becotne acclimated to the Columbia River water for
a period of two weeks, they were divided into twenty lots of about 100 fish
each and'distributed among the troughs. In keeping with the experimental
design an attempt was made to maintain the following water conditions in the
various troughs:

!7^
Trough No. Ratio of area Effluent to River Water

1 & 2 100% effluent (partially cooled)
3 & 4 100% effluent (refrigerated)

r^R 5 & 6 1¢500 (effluent water refrigerated)
7 & 8 1s50

-- 9 & 10 1:100
11 & 12 1:250

^ 13 & 14 1:500
^ 15 & 16 1a1000

17, 18, 19 & 20 100% river water

At the timewhen effluent water was first started flowing into the
troughs July 23, 1945, major piping changes and other alterations of the
supply and cooling systems to Troughs 1, 2, 3 and 4 were still being made and
these units could not be used. Neither was the effluent water being supplied
to Troughs 5 and 6 refrigerated. During the first few weeks of the experiment
considerable difficulty was experienced in controlling the flows of river and
effluent water and thus the various dilution levels fluctuated over a wide
range and could not be maintained within the desired levels for any length of
time. By the latter part of August, 1945, most of the major mechanical diffi-
culties had been corrected to a degree which permitted the operation of all
troughs and the refrigeration units and thus made it possible to follow the
specifications laid down in the original plan within limits approaching the
figures given on page 10. During the middle of September, however, the fish
in Troughs 3 and 4 were placed on straight river water for a period of three
days while repair work was being done on the refrigeration units.
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During this experiment the temperature of the refrigerated effluent

water was regulated to about 13°C., which is within the normal range for
chinook salmon. This temperature was lower than that of the river water
19.500., which was above the optimum range for salmon. A colder tempera-
ture was used in order to help control disease and entirely eliminate the
temperature factor.

Fish were first placed in straight effluent water (cooled to 22°C.)
on July 27, 1945. This group was made up of 50 fish and was designated Lot
2-A. When first placed in the straight effluent water, the fish were some-
what nervous, and their respiratory movements increased in rate. Such
areactioncould be expected, however, from the excitement of the transfer
alone. A few hours later the fish showed a passive interest in food. Late
in the afternoon a temporary outage of the effluent water pump caused a
stoppage of flow to these fish for about fifteen minutes; this, however, did
not result in obvious distress in the fish.

By the following morning all but eight of the fish of Lot 2-A were
E!? dead. Dissection of specimens which had recently died showed no apparent

N.
anatomical abnormalities. Since this was the first group of fish which had
been subjected to the undiluted effluent water, it was not considered un-
usual at the time that most of them should be killed. Evidence accumulated
later, however, indicates that this was an unusual occurrence and was prob-
ably due to the presence in the effluent water of a soluble oil ("Calol")

C^
used during pile metal displacement operations.

A second group of fish made up of 50 individuals which had been held
in reserve in straight river water and a third group composed of 52 individ-
uals removed from various other troughs because they had "gas bubble" disease
were placed in the partially cooled effluent water on July 28, 1945. The

t! diseased fish were used to avoid a needless sacrifice of many good fish,
since it was expected that most of them would be killed by the effluent
water during the first twelve hours' exposure.. as had happened to Lot 2-A.
However, the expected heavy mortality did not materialize, and the "gas
bubbles" yegan to disappear from the diseased fish.

LT
A fourth group of fish, which was made up of 50 salmon that had been

held in reserve in straight river water was placed in the partially cooled
effluent water on August 1, 1945. Because of space limitations it was
necessary to combine these fish with those surviving in Lot 2-A (which now
totaled 6). The new combination was designated Lot 2-B. Likewise, it was
necessary to combine the second group with the third group (recovering from
the ilgas bubblelt disease) to form a new group which was designated Lot 1-B.

During the next four weeks the mortalities in Lots 1-B and 2-B were
consistently higher than in any of the other lots, but no great percentage
of the fish died during any one twelve-hour period, as was experienced by
Lot 2-A on July 27-28.

Rather than liberate the salmon in August, as was originally sched-
uled, it was decided that they should be held for another few weeks with the

^ hope that better data obtained under more uniform experimental conditions
could be accumulated. Since disease had taken a heavy toll of the salmon,
the lots were regrouped in order to equalize the number of fish in each
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trough. This regrouping was done•on August 27, 1945, and resulted in each
trough being stocked with about 44 fish. So few fish remained alive in the
straight effluent water (Lots 1-B and 2-B) that those were combined into a
single group and supplemented with surplus fish from other troughs to bring
the total for the lot up to 23. This group was then designated 3-0 and held
in refrigeinted effluent water in Trough 3. The other troughs containing
undiluted effluent water (that is, Nos. 1, 2 and 4) received new-stocks of
fish obtained by thinning out stocks in other troughs. The number of fish in
each of the other troughs was adjusted by removing an appropriate number from
those withlarge stocks and placing them in the troughs which were understocked.
Insofar as was possible, the transfer of fish was made between troughs of like
water conditions; otherwise the shift was made from a lesser concentration of
effluent to a greater one. The group of fish in each trough was still desig-
nated by lot number which corresponded to the position of the trough, but the
suffix "C" was added to show that a regrouping had been made.

On the morning of August 31, the fish in Troughs 1 and 2 would not
eat -- they were quite weak and susceptible to handling during a treatment
with "Roccol+t. In the afternoon these fish were listless and showed little
interest in activity around them. Many of them swam near the surface, often
inclined with their snouts out of water. Respiratory movements were labored,
but they were not gasping for oxygen. A mortality started during the late
afternoon and increased during the evening. By 3s00 A. M. on September l, all

• of the fish were dead. Although the fish in Troughs 3and 4 did not appear to
be similarly distressed, the mortality in these groups increased after this
time and continued at a rather high rate.

The occurrence of this heavy mortality in Lots 1-0 and 2-C on August
31, was very much like that which occurred in Lot 2-A on July 27-28, and took
place under similar circumstances. In each case the 100-F Pile was under-
going metal displacement, and "Calol° was entering the effluent water. Such
sudden mortalities did not occur again during this experiment.

For several hours on each Monday and Tuesday, the fish in the undil-
uted effluent water were subjected to an extremely heavy concentration of
ferric sulphate (IfFerrifloelt) sludge, which was flushed into the sewer from
the water purification area. While this sludge was in the water, the gills
of the fish appeared to be slightly irritated, as was indicated by their
opercula being held in an extended position. During this time the fish were
more nervous than usual, their respiratory rate increased slightly, and they
refused food. However, their actions soon returned to normal when the water
cleared up. It would seem that the ferric sulphate sludge affected the fish
as a mechanical irritant rather than a chemical toxin.

Serious disease conditions of various types existed throughout the
experiment, which makes much of the data unreliable. Such conditions were
anticipated during the later part of the summer, however, since the physio-
logical processes of the fish were changing to adapt the fish to a salt water
environment. Further, the summer temperature of the Columbia River water was
considerably above the optimum range for chinook salmon and favored the
existence of disease organisms. Throughout the period of retention in the
laboratory troughs, the salmon were highly nervous and almost continually
fought to escape and migrate downstream. Often they showed only a passive
interest in food. Late in July, external parasites comnon to fish began to

^
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appear, and early in August, an epidemic of Boceilus eolumnaris spread through
the fish. A series of salt baths given on alternate days were effective in
ridding the fish of parasitic protozoans2 but prophylactic treatments with
"Roccol" only partially controlled the bacterial infection. -

The 507 surviving chinook salmon fingerlings were liberated into the
Columbia River near the 100-F Area on September 26j 1945.

Mortalities

A daily record was kept of the number of fish dying in each lot. These
daily records have been condensed into weekly periods, and a summary of them
is given in the appendix. Table 2 covers the preliminary part of the study ,.
and Table 3 the second part after the lots were regrouped on August 27. These
data have been further condensed by combining lots which were subjected to
like dilutions of the effluent water, and parts (A) and (B) of Table I show
these totals, together with the percentages for the early and later parts of
the experiment, respectively. Graphic representations of parts (A) and (B)

^a of Table I are shown in Figure 1. parts (A) and (B).

^ Figure I clearly shows the extremely high mortalities which took place
in all groups subjected to straight effluent water, either only partially
cooled or refrigerated. In both parts (A) and (B) the high mortality in the
effluent groups, Lots (2-A) and (1-C and 2-0), which occurred during the first
week, represents the unusual and sudden death of fish in these lots on July
27-28 and August 31s respectively. Aside from these groups which were held in
undiluted effluent water, the variations in the mortalities of the various
experimental groups from that of the river water control groups are not con-
sidered as attributable to variations in the concentration of effluent water.
As pointed out in the section above, the fish in this experiment suffered

!E+ severely from disease. Mortalities from disease varied greatly from trough
to trough and tended to obscure any effect which the different dilutions of

" effluent water might have upon the mortality. The wide variation among
^, individual lots of the control group, Appendix Tables 2 and 3, is evidence

of this. Farther , part (A) of Figure I indicates an inverse relationship.
between mortality and concentration of effluent water,, straight effluent being
exclu8ed. Although the control mortality in part (B) was lower than in any
,group which was subjected to effluent water, the crossing of curves and the
final arrangement, which again generally shows an inverse relationship between
mortality and amount of effluent water, strongly indicate that the factor
controlling mortality was not the concentration of effluent water.

Growth in Length and Weieht

The fish were weighed at the beginning and end of the preliminary
period and at the beginningt middle and end of the second period after re-
grouping the lots. Appendix Tables 4 and 5 summarize the result of these
weighings. In Table II, parts (A) and (B), the weight of lots in similar
water conditions have been combined. Part (A) does not show weights for the
fish held in undiluted effluent water since the majority of such fish live$
but a short period of time. The data from part (B) of Table II, covering the
period when experimental conditions were reasonably constant, are shown graph-
ically in Figure 2.
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MORTALITIES OF CHINOOK SALMON FINGERLINGS
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TABL* II AVERAGE WEIG}1f IN GRAHS 0? CHINOOK SALMON FINGERLINGS HELD IN VARIOUS
CONCENTRATIONS CF AREA EFFLUF.RT WATER

(1) Frelimiaary Weighte of Suxviviag Lots.

Type of Water 1:50 1:100 1t250 1:500 131000 River Water

Lota inoluded 7& 8 9& lA 11 & 12 5t 6j
33 & 14

15 & 16 3a 4. 17, 18,
1 & 20

No, of Fish
at start 200 200 200 400 200 500

7/24/45 9.35 9.37 8,69 8,96 8.92 9.53

8/27/45 13.19 13.30 13.43 12.94 14.30 13.27

^

10

1

( B) Waightr After Regroupimg of Lots on August 27# 1945.

Type of Water Efflueat
Refrigerated

Efflueat
1s500

Refrig.Eff, 1:50 1:100 11250 1:500 1s1000 River Water

Lote inoluded 1C & 20 30 & 40 5C & 6C 7C & 8C 9C & 10C I1C & 12C 130 & 14C 15C & 16C 17C,18C015C,20C

No, of Fish
at etart 86 67 85 89 90 89 87 87 174

8/28/45 12.88 11.84 13.92 13.12 13.10 13.35 12.13 13.20 13.50

9/10/45 Al]. Dead 13.21 15.07 15.01 14.47 15.03 13.93 14.83 15.20

9/24/45 15.80 16.19 17.17 15.70 15.54 15.45 16,50 17.30

r
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TABLE III AVERAGE LENGTHS IN CF CHINOOK SALMON FINGERLINGS NELD IN VARIOUS
CONCENTRATI0D6 CF AREA EFFLUENT WATER

, -^

Type of Water Effluent
Refrigerated

Effluent
1:500

Refrig,Eff. 1:50 13100 1t250 1:500 1t1000 River Water

Lot Noe, ' 10 & 20 3C &!,C 50 & 6C 7C & SC 9C & 1CC 110 & 120 13C & 14C 150 & 16C 17CI18C#19C,20C

No, of Fish on
8/29-30/45 84 66 82 86 88 85 84 83 173

8/29-30/45 97.8 97,1 100.8 94.6 94.9 99.8 101.2 100.2 100.2

9/24-25/45 No fish 103.0 105.7 105.9 103.8 103.5 102.3 106.3 106.8
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^ Although the weight of the control group was slightly higher than that

of most other groups, it was closely paralleled by that of the group in the
1:50 dilution, with the exception of the straight effluent water, this was the
highest concentration used. Actually the size variation between all of the
groups is not large and cannot justifiably be attributed to the different
water conditions.

Lengths of the fish were taken only at the beginning and end of the
second period. These measurements, grouped into class intervals of five milli-
neters, are shown as frequencies in Appendix Tables 6 and 7. After combining
lots held in like water conditions the means of these data are presented in
Table III and graphically in Figure 3. The results are much like those for the
weights and the remarks given there will apply equally well to the length data.

The variation in size and in rates of growth between the various groups
is not considered great nor duo to variations in water conditions. Those data
are not considered worthy of further statistical treatment since the variations
which did occur could better be interpreted in the light of uncontrolled con-
ditions rather than as the result of subjecting the fish to different dilutions
of area effluent water.

Discussion

Because of the difficulties which were encountered in the operation of
flow controls and the refrigeration units the chinook saimon fingerlings were

hold at the laboratory for about twice as long as was originally scheduled.
Holding these fish for a considerable time past their normal migration period
in the warm summer temperatures of the Co7umbia River water lead to disease
difficulties which were not easily controlled. The experimental conditions
were so upset by the early improper functioning of equipment and later by

rv disease that definite conclusions as to the effect of dilutions of the eff-
^ luent water on fingerling chinook salmon could not be drawn. It was apparent,

however, that undiluted. area effluent water, either partially cooled or

IN refrigerated to within the normal temperature range of salmon, was not suit-
able for the survival of the fish and, occasionally, was quickly lethal.

tr• •
In spite of the many difficulties, the primary purpose of this first

experiment, which was to test and perfect the equipment, was accomplished
satisfactorily. Further, some general knowledge of the effect of the efflu-
ent water at various dilution levels was gained.

STIIDIFS ON STEELHEAD TROL'T FINGERLINGS

Purnose

The early part of this experiment was carried out at the same time as
the pilot studies on the chinook salmon just described, and thus also aided
in the development of equipment and techniques and in the selection of dilu-
tion levels of area effluent water to be used in later tests.

Secondly, steelhead (rainbow) trout are one of the most valuable sports
fish of the Columbia River system^ and in addition, are of considerable com-
mercial value to fishermen of the State of Oregon. Since, trout of this
species could be expected to spend at least the first years of their life and
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perhaps the greater portion of their existance within the influence of water
discharged from the Pile Areas., information on the effect of the effluent
water on these fish was of high importance.

The original experimental design further planned that some of the
trout which had been subjected to the area effluent water be raised to matur-
ity and their reproductive capabilities studied. Facilities for raising fish
to maturity are not available at the Fish Laboratory and it was originally
intended that ponds at the University of Washington be used for these later
studies. However, an extended program at the University required the use of
all facilities available there. Further, only a very few fish of suitable
exposure for such studies survived at the Fish Laboratory and thus it was
decided that this phase of the experiment should be cancelled for the presentp
but, if possible, should be done at a future time.

Origin of the Test Animals

.-,.

r-^

/44

:\t

G^

k^..

The trout used in this experiment were obtained from the stock reared
at the School of Fisherios} University of Washington. This strain of fish has
been selectively bred at the University for several generations and their re-
productive capabilities are quite well established. At the beginning of
these studies the fish were three to four months old and averaged approxi-
mately two and one half inches in lengthp having been hatched from eggs at
the University early in the spring.

The 3062 trout used were transferred from the University of Washington
to the Fish Laboratory on July 16, 1945 in a transportation tank owned by the
School of Fisheries. On arrival the fish were tempered with Columbia River
water for about one hour^ then counted and placed in Troughs 13 through 20.
Screen partitions in the troughs separated the trout from the salmon used in
the pilot experiment. All of the fish were held in straight river water for
several days for acclimatization before being subjected to effluent water.

Experience and Conditions

Preliminary Studies

The trout were in excellent condition upon arrival at the Fish Labora-
tory and covers had to be kept on the troughs to prevent them jumping out.
Fortunately., the trout were more resistant to the factors causing "gas bubblell
disease and did not suffer from the gas blisters as did the salmon. A very
few individuals did, however, show evidence of the disease.

On July 29th, the trout were counted into 20 groups of 150 and each
group was placed in one of the troughs. Since Troughs 1, 2, 3 and 4 were not
yet in operating condition, the fish allocated to these troughs were held in
reserve in compartments of Troughs 17, 18, 19 and 20.

The water conditions to which the trout were subjected in the various
troughs were the same as for the salmon in the pilot experiment and were as
follows:
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TROU 9NO_ RATIO OF EFFLUENT TO RIVER WATER RATE OF FLOW

. -. ,
1 & 2 100%effluent water, partially cooled

(30 to 5°C above river watertemperature) 3 g.p.m.
3 & 4 . 100% effluent, refrigerated to about 13°C. 2 g.p.m.
5 & 6 1s500 effluent refrigerated 5 g.p.m.
7& 8 1:50 5 g.p.m.
9& 10 . 13100 . 5 g.p.m.
11 & 12 1:250 5 g.p.m.
13 & 14 1s500 5 g.p.m.
15 & 16 1:1000 5 g.p.m,
17, 18^ 19 & 20 100% river water 5 g.p.in.

Trout were first placed in Troughs 3 and 4 on August lst and 2nd,
respectively. Since the refrigeration units were not then operating,, tYie'area
effluent water entering these troughs was only partially cooled. During the
later part of August,, the refrigeration units were operated most of the time
but frequently had to be shutdown for repair or adjustment,and thus the fish
in Troughs 3 and 4 were subjected to refrigerated effluent, partially cooled
effluent and, at times, straight river water. Obviously,°data collected
during this early period were not very reliable but in general mortalities
among the trout in Troughs 3 and 4 were very similar to those in the other
troughs.

The results obtained during the first month were further complicated
by disease conditions among the fish. The trout were.subjeeted to the same
parasites,as the salmon but seemed more resistant to them and made a better

f^ recovery. Repeated baths of three per cent salt soon rid the trout of
C c ocheta, a parasitic protozoan. A serious infection of B. columnaris
cnused the death of many fish but was finally brought undercontrol by re-

^ peated treatments with "Roccolt'.

By August 26, 1945, major equipment difficulties had been corrected
. 3 and 4 could be operated properly, and disease organ»sothat Troughs1, 2^ .

isms had also been largely eliminated. An opportunity was thus afforded for
starting anew with the expectation that subsequent data would be reasonably
accurate and usable. At this time the group of fish which had been held in

OT Trough 3 was moved into Trough 2 and one of the groups held in reserve in
river water was placed in Trough 3. The other group which had been held in
reserve in river water was moved into Trough 1. These changes were made in
order that comparable groups of fish would be present in Troughs 1 and 3,
and 2 and 4, respectively, those in Troughs•1 and 3 having just been placed
in the effluent water for the first time.(1)

The factors in the effluent water on August 31, 1945 which were
lethal to the salmon in Troughs 1 and 2 also had their effect upon the trout..
During the afternoon, the trout in Trougha 1 and 2 were listless, showed
little interest in activity around them and refused food. A few fish died
during the late afternoon, and seve'ral more during the night, (All of the
salmon in troughs 1 and 2 were dead by 3:00 A. M.) On the morning of

(1) Subsequent results showed that the previous history of these groupsy had
little effect upon their later tolerance to the area effluent water;
that is, Lots 1 and 2 behaved,alike and 3 and 4 behaved alike.

I
24-

. L.



l

`..

^ PECIASSFal
sfa. .^. u^^.a1 .

September lst, the surviving trout in Troughs 1 anc} 2 were quite ill. Many
were swimming near the surface of the water and,breathing was rapid. Oaca-
sionally an individual would become too weak to swim upright, would lose
equilibrium, eventually sink to the bottom and die. Several specimens which
were near death were dissected and examined but, other than an enlarged gall
bladder in one, they appeared to be, in good oondition. Several more fish
died during the day which raised the total for these two troughs to about 20
per cent.

Since the fish were still very il1 and refused food in the after-
noon of September 1at, straight river water was turned into Trough 1, to see
if the rate of mortality could be checked by river water. Hovrever, it would
seem that the factor in the effluent water which caused the heavy loss had
passed since the rate of mortality dropped appreciably in both Trough 1 and
Trough 2 and the action of the fish improved. Effluent water was again
turned into Trough 1 on September,'6th. The trout in Troughs 3 and 4 suffered
a partial loss of appetite for a few days after September 1et, but otherwise
seemed unaffected by theadverse conditions. As pointed out in the saimon
experiment, evidence accumulated later indicated that "Calol° was the cause
of distress among the fish:

A loss of appetite and a coriparatively high rate^of mortality con-
^ tinued in Troughs 1 and 2 until the tormination of this test. These lots
, were further troubled by an infestation of Ichthyooterus , a common fish para-

site. This parasite was p'robably able to establish itself on these fish be-
^• cause of their weakened resistance and the higher water temperature in these

lots. Zchth,yopteriua did not appear in other lots and was finally eradi-
i' cated from Troughs 1 and'Zby repeated treatment with strong salt and by,

turning a strong flow of river water into the troughs for about one week.

By the first week in October, the trout had increased in size to

a point where it was necessary to reduce the number of fish in each trough
-- to 50. This was done on October 11, 1945 and the surplus fish, which

amounted to 1066, were liberated into the Columbia River adjacent to the
100-F Area. The high mortalities in Troughs 1 and 2 had so reduoed the

0% number of fishin these lots that those in Trough 2were combined with those
in Trough 1 to form a new group designated Lot lA. A new stock of fifty
fish, obtained from surplus from the river water control lots, was placed
in Trough 2 and designated as Lot 2A.

Final Studies

The results obtained during August and September 1945 at the Fish
Laboratory, indicated that a more complete knowledge of the problem might be
gained if certain changes were made in the concentrations of area effluent
water being used. Under the original set of concentrations, which had been
chosen arbitrarilyy, there was a considerable difference between the action
of the fish in undiluted,effluent water and in the next highest concentra-
tion, one part of effl}ient to fifty parts of river water. It was proposed
the two new eoncentrations be used in order to bridge this gap. The pro-
'posed changes were discussed'on September 28, 1945 at a conference held in
'Richland, attended by Dr. Lo' It. Donaldson of the University of Washington,
Major A. A. White of the Medical Corps. (Manhatten District), Mr: fii Thayer
or the U. S. Engineers., and Dr. S. T. Cantril and Mr. R. F. Foster of the
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du Pont Company. The following changes were agreed upon:
1

(A) Substitution of a dilution of one part area effluent to three
parts river water for one part refrigerated effluent to 500
parts river water in Troughs 5 and 6. The 1000 dilution using
refrigerated effluent water was duplicated with a 1:500 dilu-
tion using unrefrigerated effluent water. Since the actual
temperature difference of the resultant mixtures was not apprec-
iable, little experimental evidence would be lost by the elim-
ination of this water condition.

(B) Substitution of a dilution of 1:10, area effluent to river
water, for the 1:100 dilution being used in Troughs 9 and 10.
It was surmised that the elimination of the 1s100 dilution
would not interrupt the series as greatly as the elimination
of any one of the other dilutions.

At the tine the lots were reduced to fifty fish each., October llth.,
it was convenient to make the above changes in the experimental design. At
the same time the rate of flow to Troughs 3 and 4 was increased from'two to
three gallons per minute. This was made possible by improved efficiency of
the refrigeration units which could not adequately cool a larger volume of
water. The temperature of the refrigerated effluent water was raised^ on
October lst, from 13°C to 17.5°C in order to make it the same as that of the
river water. Subsequently., the temperature of the refrigerated effluent
water was adjusted to follow the changes in temperature of the river water.
In order that any difference in results due to the lower rate of flow in
Troughs 1, 22 3 and 4 (3 gpm in contrast to 5 gpm in other troughs) could be
appreciated, the flow in two of the control troughs, Nos. 19 and 20, was also
reduced to three gallons per minute.

C\I

These changes resulted in the following new water conditions in the
° various troughs:

TROIIGH NO . RATIO OF EFFLUENT TO RIUER WATER RATE OF FLOW

.p .m.1 & 2 100% effluent., partially cooled 3 g
3 & 4 100% effluent^ refrigerated to river

water temperature 3 g.p.m.

5 & 6 1:3 5 g.p.m.
7 & 8 1:10 5 g.p.m.
9 & 10 1:50 5 g.p.m.
11 & 12 1:250 5 g.p.m.
13 & 14 1:500 5 g.p.m.
15 & 16 1:1000 5 g.p.m.
17 & 18 100% river water 5 g.p.m.
19 & 20 100% river water 3 g.p.m.

. - In order to keep the fish in the 1:50 dilution level at a conse-
cutive place in the series of troughs, they were moved from Troughs 7 and 8
into Troughs 9 and 10. The fish from Troughs 9 and 10 being used now for

`...,
(1) "Proposed Changes in Dilutions of Area Effluent Water at 146 Bldg."..

R. F. Foster to C. N. Gross, October 4. 1945.
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the 1:10 dilution level were moved down into Troughs 7 and 8. A
was added to the lot numbers corresponding to trough in which new
ditions existed or where different groups of fish had been placed
avoid confusion in the data.

f

suffix ItAfl
water con-
in order to

During the night of October 11-12, 1945, immediately following the
start of the second and final phase of this experiment where the new water
conditions were in effect, adverse factors were again present in the area
effluent water which caused the death of many fish in Troughs 1, 2, 3, 4, 5
and 6. The action of the distressed fish was like that shown by the fish
affected on August 31st, and September lst, referred to above. The fish in
in Troughs 1 through 6 continued to show considerable distress on October
12th and by 4:00 P. M. of that day the following mortalities had occurred;

Lot lA 45 per cent
Lot 2A 100 per cent
Lot 3 90 per cent
Lot 4 94 per cent
Lot 5A 36 per cent
Lot 6A 38 per cent

Examination of several of the dying fish revealed no obviously abnormal con-
dition except that the color of the gills of these fish was a little lighter
and brighter than that of the control fish which were not effected. Samples
of the effluent water collected during the early morning of October 12th,
showed normal amounts of residual chlorine and dissolved oxygen. However,

^ as on other similar occasions, metal in the 100-F Pile was being displaced
and "Calol" was present in the area,effluent water.

This was the first occasion where the fish in the refrigerated
effluent water had been severely effected, however, the temperature of the
refrigerated effluent was higher at this time than on previous occurrances

^ since it had been adjusted up to that of the river water. Nevertheless,
conditions were sufficiently adverse to cause a considerable mortality even
where the effluent was diluted with three parts of river water. The fish in

Cr Troughs 7 through 16 seemed uneffected by the unusually adverse condition
of the effluent water.

In the lots which were effected some mortality continued and the
fish refused food for several days. By October 16th, only two fish remained
in refrigerated effluent water so these were combined with a new group of
ten fish moved into Trough 3 from a reserve group which had been held in
straight river water. The new stock in Trough 3 was designated Lot 3A.

Similarly adverse conditions were again anticipated on October
16th, since pile metal displacement was again being made. A carefttl watch
was kept of the fish and samples of the effluent water were collected at
frequent intervals during the day. In the late afternoon,the fish in
Troughs 1 through 6 appeared to have sore gills as evidenced by extended
opercula, and breathing was more rapid than normal. This may have been due
in part to ferric sulphate sludge coming through in the eff`luent water.
During the late evening, the fish in Trough 1 were obviously uneasy but not
greatly distressed; during the night two of the surviving twenty-three died.

^^ ^y^- 27- """. ^
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In Lot 3A., however, which was made up principally of fish that had not pre-
viously been in effluent water, the trout gradually became more sluggish
during the evening and by morning, eight of the twelve fish were dead. The
fish in Troughs 5 and 6 showed some listlessness during the evening but were
not seriously effected. Five of the remaining fifty-eight died during the
night. The fish in these first six troughs showed a lack of interest in food
for several days more. Fish in other troughs in the laboratory were not
effected.

Since only four fish remained in Lot 3A on October l8th, ten more
fish from a reserve stock in straight river water were moved into Trough 3
with them. The new group was designated Lot 3B.

Special observations and water samples were taken on subsequent days
when the 100-F Pile was undergoing metal displacement but serious difficul-
ties were not encountered during the experiment.

The "Calo1" used during the pile metal displacement operations was
suspected of causing the distress and death of the fish in the undiluted
area effluent water on the occasions mentioned above. To test this hypo-
thesis, five trout were subjected to a concentration of 10 ppm "Calol" in
river water for a period of eleven hours on November 20, 1945. The fish
were obviously effected by the oil since they became somewhat listlessp
showed symptoms of sore gills and refused food. When the oil was stopped the
fish began to recover and by the morning of November 21st, their actions were

^ near normal and their gills no longer appeared irritated. They refused to
take food until November 22nd, however. None of the fish died or were in
great distress. This test was repeated on November 30, 1945 in the straight
effluent water of Trough 1. After being exposed to the oil for about six
hours, the fish became quite in, and with continued exposure they beccune
listless and weak, their respiratory rate increased and they +'eoughed" almost

_ continually. After nine hours the fish began to die and twelve hours after
the start of the test four of the five fish were dead. The fifth fish, the
smallest of $hp group, refusec^ food for several days and died about two
weeks later.(1/

^

The remainder of this experiment was completed without further un-
usual incidences or serious variation in tho conditions under control. The
surviving steelhead trout were liberated into the Columbia River adjacent to
the 100-F Area on January 7, 1946.

Mortalities

Daily mortalities have been combined by weeks and the results pre-
sented in Appendix tables. Table 8 presents the data obtained after disease
and mechanical difficulties had been eliminated and before the lots were
reduced to fifty fish each. Table 9 presents the data obtained after the
number of fish was reduced and new water conditions were set up. The diff-
erence in total mortality between each individual lot and the average of the

F^ . (1) For further details on these and other studies on n Calol" the reader is
referred to 't-Occasional Heavy Mortalities Among Fish Held in 100-F Area
Effluent Water and Some Effects of "Caloln on Steelhead Trout Finger-
lings° -- It. F. Foster to Filey May 2, 1946.
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four cottgol lots has been tested for significance by the method of Chi-
square. 1J Values which are probably significantly different from the control
have been underlined - - those of questionable significance underlined with
dots and those not significantly different have not been underlined.

• In Table 8 none of the control troughs had mortalities significantly
higher than their average= which indicates that factors beyond control did
not cause sufficient variation between the mortalities in Troughs 17Y 18) 19
and 20 to nullify the hypothesis that they formed a homogeneous group which
might be considered as a whole. Although this does not hold true for some
of the water conditions, it was felt that the best estimate of mortalities
would still be obtained if trough pairs were combined. Further justifica-
tion for pooling lots in liko water types is the fact that mortalities signi-
ficantly different from the control were always higher.

Table IV, shows the results after pooling the data of Table 8 from
lots subjected to like types of water and converting the mortalities into

^ cumulative percentages. The probability that the mortality in each water
type was significantly different from,the mortality in straight river water
was again tested, using chi-square. The results were essentially the same
as when the lots were considered individually, and those showing probable
difference have been underlined. These data are shown graphically in Fi^ure

4. The high mortality suffered by the fish in straight effluent water ()
(Troughs 1 and 2) during the first week ( 8-27 - 9-2) is largely due to the
unusual water conditions which existed during the evening of August 31, 1945
and referred to in the section above. Rather consistent daily mortalities in
this group in subsequent weeks maintained a high death rate throughout most
of the test. Although the statistical test indicates that the mortalities
in most of the other experimental groups were also significantly higher than
that of the control, the sequence in which they occur would indicate that
factors other than the concentration of effluent water were responsible for
the differences. Thus, next in order of magnitude to the straight effluent
lot referred to above, the highest mortality occurred in Troughs 11 and 12,
which have a water type of 1:250. On the other hand, the mortality in
Troughs 7 and 8. at a concentration of 1:50, is not significant from that of
the controls. This would lead one to the conclusion that the straight eff-
luent water caused a very great increase in mortality among the steelhead
trout, but that dilutions of the effluent of 1:50 or more caused insignifi-
cant increases in the mortality, the other differences being due to factors
beyond control: i.e., disease. The fact that the mortality•among the fish
held in refrigerated effluent water was relatively lower than in many of the
high dilutions is of interest. During this preliminary period the tempera-
ture of the r_efrigerated water was about 13°C., somewhat lower than that of
the river water.

(1) A discussion of the statistical methods used is beyond the scope of this
report. For methods of calculation, the reader is referred to textbooks
or to "Statistical Methods at H.E.w.". B. F. Butler to File, Aug. 6,1946.

(2) Actually the water is partially cooled in the precooling coils. In the
tables, figures^ and in this discussion it is referred to merely as
effluent to avoid confusion with the effluent cooled by refrigeration.
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TABLE IV MORTALITIES OF STEE?"UD TROVf FINGERLINGS FELD IN PRBLIISINAHY
CONCENTRATIONS OF AREA EFFLUENT WATER

Tyt+e of Water Effluent
Refrigerated
Ef£liunt

1:500
Refrig.Eff. 1:50 11100 11250 1s500 1:1000 River Water

Lot Nos. 1& 2X 3X & 4 5& 6 7 & 8 9 & 10 11 & 12 13 & 14 15 & 16 17,18,19,20

No, of Fish 252 214 224 210 236 236 261 272 431

Week Date 8
rt Cu"^

ld
ort

C
u^%

L
ort ^

C t
"'
,, I1

°rt
C t^,_

"X^

!1

rt

0v

"^

!L

gt

C t^,,^
,

K
ort

C

^

M

ort '

C t^,,^6 N

ort

C

^

1 8/27-9/2 57 22.6 3 1.4 0.0 0.0 3 1.3 8 3.4 3 1.1 5 1.8 0.0

2 9/3-9/9 24 32.1 2 2.3 1 0.4 0.0 2 2.1 13 8.9 11 5.4 2 2.6 0.0

3 9/10-9/1F. 46 50,4 1 2.8 1 .9 0.0 3 3.4 2 9.7 5 7.3 2.6 2 0.5

4 9/17-9/?3 46 68.6 2.8 1 1.3 1 .5 1 3.8 3 11.0 3 8.4 2.6 0.5

5 9/24-9/,'0 16 75.0 1 3.3 1.3 .5 3.8 11.0 8.4 7 5.1 0.5

6 10/1-10/7 3 76.2 1 3.7 2 2.2 1 1.0 1 4.2 11.0 8.4 1 5.5 1 0.7

7 10/8-10/11 5 78.2 2 4,7 1 ?^Z 2 1.9 4_2 11.0 8_4 5_5 2 1.2.

Totsl 197 10 4 l0 26 22 15 5



...
'

. ^ ;^ `^_ i
e u ^w [,.^^^^^'`..^i^^^m'^ I.i7l`^ PQ^a >x1^0, .:il4`.^^^t•r

'4

^Ft$!}14^ 4

MORTALITIES OF STEELHEAD.,T-ROti? iRf1^iC^E^fiV^
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^ The data in appendix Table 9 have been similarly treated and com-
bined. Table V and Figure 5 show the results of pooling the mortalities of
the various lots into groups subjected to similar water conditions. The
unusually adverse conditions (probably °Calol") which existed in the efflu-
ent water on October 11, and October 16, caused the extremely heavy morta-
lities during the first week in the effluent, refrigerated effluent, and the
1:3 groups. P(hat is probably a continuation of this effect is seen in the
1:3 group during the second week and in the refrigerated, effluent water
group up to the fourth week. Subsequent mortalities in these groups were
practically nil. Mortalities in all other water concentrations and in the
controls were practically nil throughout this final period.
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The fish were measured every four weeks, and the results obtained
are shown as frequencies in appendix Tables 10, 11, 12, 13, 14 and 15. These
data are sufficiently consistent to permit..pooling of lengths of fish in lots
subjected to similar water conditions. This is indicated by the fact that at
no time did the average length of any of the control lots differ significantly
from that of the group as a whole. The average lengths for the pooled lots
for both the preliminary and final parts of the experiment are given in
Table VI. Values which are underlined are significantly higher or lower
than those for the control group in straight river water, as indicated by
the 'It-test", those underlined with dots are of questionable significance.
These data are presented graphically in Figure 6.

The lots were not all of uniform length when first measured on
August 15-16, 1945, but the differences were relatively small and did not
materially alter the final relationships. The growth of the fish in length
was clearly and significantly retarded in cases where they were held in
undiluted effluent water; however, during the first two months, the increase
in length was much better in refrigerated effluent water than in effluent
water which was only partially cooled. The curve for the fish held in
refrigerated effluent water is interrupted at the end of the second month,
October 9-10, 1945, since this marks the termination of the first part and
the beginning of the final part of the experiment. At this time the orig-
inal stocks of fish in Troughs 3 and 4 were practically all dead, and new
stocks were introduced. Also at this time the 1:500 (refrigerated effluent)
and the 1:100 concentrations were discontinued and the 1:3 and 1:10 con-
centrations started. The two groups which were discontinued are not shown
on Figure 6 to avoid confusion.

Following the adverse water conditions of October 11 and 16, 1945,
the growth in length of the fish in Troughs 1-6, that is, in the effluent,
refrigerated effluent, and 1:3 water types, was clearly retarded, but
increased again during the subsequent two months. The fish in the 1:3 con-
centration actually grew at a faster rate than the controls and were approa-
ching a significantly greater length at the end of the test. The fish in
the 1:10, 1:50, and 1:250 concentrations were significantly longer than the
control fish at the end of the test, the difference beginning to appear in
November. This is possibly due to the fact that the higher concentrations
of effluent water were warmer than the river water and encouraged faster
growth. The rate of growth in nearly all lots was a bit slower during
December, probably because of colder temperatures of the Columbia River water.
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TABLz V SiCF?TL1TT7F:S 12 STFBL}itAG TRI:IF' F?A.G?_'iLIhGS H}:LD 1I` T:3' FINAL
CONC"rTTRdTIC.NS OF AREA n"FFLU1'I.T 74TY1i

Tvpe of ?iater Effluent
Eefrigereted

Effluent 1:3 1:10 1:50 1:250 1:5!''0 1:1000 River 6ster

Lot A:os. 1S d 2A 3& 4 5& & 6A 7® &&i 9A & l0A 11 & 12 13 & 14 15 & 16 17,18,19, "

tlo, of Fieh 98 1C0 100 100 100 100 100 100 2(O

tYeek Cato
ttor

t "y.

Cy,,^ dt4

t

C

UM%

E14
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t
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t

Cu

1 10/12-10/1P 80 81.6 98 98 51 51 0 0 0 0 0 0

2 10/19-10/25 1 82.7 98 31 62 0 1 1 0 0 0 0

3 10/26-33/1 z 84.7 98 62 0 1 0 0 0 1 0.5

4 11 /?-1-1/8 3 87.8 98 62 0 1 0 0 0 1 1.0

5 11/9-11/15 87.8 98 1 63 0 1 0 0 0 1 1.5

6 11/16-11/22 1 88.8 98 1 64 0 1 0 0 0 2 2.5

7 11/23-11/29 88.8 98 64 0 1 0 0 0 2.5^_`

8 11/30-12/6 88.8 98 64 0 1 0 0 0 1 3.0 '

9 12/7-12/13 88.8 98 64 0 1 0 0 C 3.0

10 12/14-12/20 88.8 98 64 0 1 0 0 0 3.0^:^

11 12/21-12/27 88.8 98 1 65 0 1 0 C 0 3.0

1^ 1?/?.8-12/31 88.8 98 65 0 1 0 1 1 0 3.0 -.
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TABIE VI AVE9iAGE IENGTR IN tAN OF STEELIff.AD TROUT HEID IN VARIGUS CONCENTRATIOtS
OF AREA EFFLUENT WATER

Type of Water Effluent
Refrigerated

Effluent
1:500

Refrig.Eff. 1:3 1:10 1:50 1:100 1:250 1:500 1:1000 River Water

Preliminarq
Lot Noe, 1& 2X 3X & 4 5& 6 7& 8 9& 10 11 & 12 13 & 14 15 & 16 17,18,19,20

Aug. 15-16 58.40 55.55 61.05 60.15 60,20 62.15 iLS 59.55 59.85

Sept. 10-13 58.40 iza 71.75 71,47. 73.42 72.75 71.65 70.00 71.78

Oct. 9-10 6G.69 76.15 89.60 87.50 87.75 '87.45 U,4 84.45 85.87

FinelLot Noc+. 1A 3B 5A & 6A 7A & BA 9A & 10A 11 & 12 13 & 14 15 & 16 17,18,19,20

Oct. 9-10 64.69 E5•87 89.60 87.75 87.50 87.45 ^°t^} 84.45 85.87

Nov. 6 68.50 OWU 100.52 }06a} 146M 19¢,j¢ JW ,q^ 101.E6 101.Bo

Dec. 4 82.78 96M 118,89 323, 123.97 123u38 123,3 117.08 115.96

Jan. 1-5 26.?2 O[ J^1,11r 136.28 192.07 132.47 130.51 125.26 125.7
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FIGURE 6

GROWTH IN LENGTH OF STEELHEAD TROUT

HELD IN VARIOUS CONCENTRATIONS OF AREA EFFLUENT WATER
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The fish were weighed every two weeks, and these results are tabu-
lated in appendix Tables 16 and 17. Pooling the lots subjected to similar
water conditions, as before, the average weights for the various water con-
ditions are shown in Table VII, Part (A), for the preliminary conditions and
Part (B) for the final conditions. These data are presented graphically in
Figure 7. Since the fish were first weighed on July 30., Figure 7 begins at
an earlier date than does Figure 6, and thus shows more uniformity among the
various groups at the start. As might be expected, Figures 6 and 7 show
almost identical results; Figure 7 is, however, more readily interpreted
since weights increase approximately as the cube of the length, and thus size
differences are expanded; further, the fish were weighed twice as often as
they were measured, which results in twice the number of points in the curves
of Figure 7.

Increase in weight was markedly retarded in both effluent and refri-
gerated effluent water and was actually stopped for about two weeks following

'n the particularly adverse water conditions on October 11 and 16, 1945. Aside
from a brief retardation in the fish subjected to the 1:3 dilution imaed-

477" iately following the adverse conditions of October 11 and 16, the growth of
,,7 the fish in iilutions of the effluent water was not inhibited. Rather, there

is an appreciable increase in growth rate among the fish held in the higher
* dilution, which is probably the result of higher water temperatures.

It is extremely difficult to show a significant difference between
the average weights of the various groups by statistical methods, This is
due to the fact that the fish of each lot were weighed as a group. This
variability is, however, adequately brought out by the lengths when each fish
was measured individually. As a verification of the hypothes3s that groups
differing significantly from the control in length also differed significantly
in weight, each fish was weighed individually at the termination of the experi-

° ment. The last line of Table VII, Part (B), shows the arithmetic means of
the weights obtained by this method. The mean for each water type was com-
pared with that of the river water control group by the AIt-test". and values

p, which were probably significantly higher or lower were underlined. Comparison
of these significant weights with the significant lengths for January 1-5 in
Table VI shows near perfect agreement. The test appears somewhat more sensi-
tive with the weights than with the lengths: for example, the average length
of the fish in the 1:3 was only questionably significant (between the .05
and .01 limit of probability), while the average weight of this group was
definitely significant (beyond the .01 limit). Similarly, in the 1:500 group.,
the length was not significant from that of the control, although it had been
the previous month, while the weight of this group was possibly significantly
different.

Discussion

The early part of the steelhead trout experiment was subject to the
same difficulties in control of equipment and water conditions as were en-
countered in the chinook salmon pilot experiment, but again one of the chief
purposes of the test, that of perfecting the equipment, was satisfactorily
accomplished. Serious disease epidemics also existed among the trout during
the early part of the experiment, but were not as severe as in the salmon,

37.
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A7::Nn05 ..EI13T IN f:rcAliS OF STE-.Hk:AD TROUT HGLD IN

OA.4IJUS CONC3NClu1TIONS OF AREA EFFLUENT WATER
^ .<.....

?yce of ;lator Effluent
Refrigerated

Effluent

1e500
Hefrie.2ff. 1:50 1:100 1t250 1t500 121000 River Aater

Lot Nos. 1 k 2X 3X 4 4 5 S 6 7 t 8 9 k 10 11 8 12 13 k 14 15 k 16 17,18,19.20

7/30/45 3.30 3.25 3.36 3.29 3.24 3.02 3.30

8/13/45 4.13 3.90 4.21 4.19 4.05 3.80 3.85

8/27/45 3.95 3.93 5.29 4.94 5.49 5.42 5.44 5.12 5.08

3/13A5 3.69 4,53 7.06 6.66 7.31 7.17 7,77 6.79 6.92

9/24/45 3.97 6.51 8.89 8.45 9.25 8.92 8.77 0.46 8.64

10/3/45 4.79 7.60 12.'t9 11.97 13.17 12.71 12.44 11.17 12.22

lal :.e.1 CnndiN nns

^ype of Later 3ffluent
e riEera e
efflueat 1:3 1:10 1t50 11250 12600 1t1000 itiver ttster

Lot 1:03. 1A 3B 5A 9 6A 7A a 8A 9A.410A 11 F 12 13 & 14 15 & 16 17,18,19,20

10/6/45 4.79 12.79 13.17 11.97 12,71 12.44 11.17 12,22

10/Y2/45 4.93 11.50 15.25 17.18 17.70 17.48 18.29 16.06 16.19

11/5/45 6.011 11.86 20.14 22.99 22.71 22,81 22.77 20.03 20.06 '

11/19/45 7.20 14.14 26.91 28.45 27.06 27,02 26.63 23.42 23.95

12/3/45 10.44 16.28 33.42 36.40 33.35 33.52 32.63 28.68 28.37

12/17/45 13.7? 19.33 39.79 41.51 37.47 36.36 35.44 32.40 32.40

12/31/45 19.11 20.71 46.60 45.36 40.69 39.70 39.90 35.05 35.03

1?/31 tp 1/5/46 16.00
-

19.93
-

46.03
-

46.10
-

39.16
-

38.91
-

38t27 33.49 34.05
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FIGURE 7

GROW TH IN WEIGHT OF STEELHEAD TROUT

HELD IN VARIOUS CONCENTRATIONS OF AREA EFFLUENT WATER
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and repeated treatments brought them urider control. By the latter part of
August, 1945, disease and the regulation of water conditions were•sufficiently
improved to conduct an experiment under reasonable control. Between August
27, and October 11, the dilutions of effluent water originally specified were
used. On October 11 the number of fish in each trough was reduced to prevent
overcrowding., and(rIilution levels of 1:3 and 1:10 were substituted for the
1:500 (effluent refrigerated) and 1:100 dilution levels previously used. No
further changes in design were made.

The presence of some factor (probably "Caloln) in the effluent water
to which the trout were very sensitive caused a hoavy mortality among the
fish in Troughs 1 and 2 during the evening of August 31, and among the fish
in Troughs 1, 2, 3, 4, 5 and 6 (effluent, refrigerated effluent, and one part
effluent to three parts river water) on and immediately following October 11
and again on and following October 16. Consistently high mortalities per-
sisted throughout most of the experiment in Troughs 1 and 2 (undiluted and
unrefrigerated effluent water). Aside from these incidences, which were very
pronounced, increases in mortality could not be attributable to the presence

^ of area effluent water.

r_ .
The rate of growth of the trout was markedly retarded in undiluted

area effluent water, whether it was refrigerated or only partially cooled.
The presence of ^TCalol^^ or some other adverse factor in the effluent water

µ on October 11 and 16 further retarded the growth of these groups and in
addition temporarily slowed the growth of the fish in the 1:3 dilution. No
other incidence of retarded growth occurred among trout held in dilutions of

^., the area effluent water; rather in the 1:3, 1:10, 1:50j, 1:250, and possibly
the 1:500 dilutions the fish actually grew somewhat faster than in straight
river water. This increase in growth among the fish held in the higher con-
eentrations of area effluent water wc.s probably becanse of higher water
temperatures in these troughs.

^ STUDIES ON CHINOOK SAL6ION EGGS AND YOUNG

Pur^os

At the present time the chinook salmon are the most ocenomically
important fish inhabiting the upper Columbia River, this species making up
the greater part of the salmon caught by fisherman of the lower Columbia
River and by Indians fishing above Bonneville Dam. Chinook salmon select
riffle areas for spawning, which are similar to many which exist in the
Columbia River within and below the H.E.W. Reservation. Extensive spawning
areas, which have been used by chinook salmon in the past, are present in
the vicinity of White Bluffs. An important part of the studies at the Fish
Laboratory was, then, to determine what effect the area effluent water might
have on the developing eggs and young of chinook salmon. These stages were
of particular importance since the eggs and newly hatched fish or "fry" occur
in the gravel beds and thus are not capable of swimming away from adverse
conditions, as older fish may do.

The development stages of the eggs and young fish studied in the
laboratory were to parallel those under natural conditions in the river, and
ultimately the fish roared in the laboratory were to be liberated at a time
when they would normally migrate to the ocean. This experiment was expected
to furnish the most significant and usable results.
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Orig5.n of the Eap,s

It was not feasible to capture sexually mature chinook salmon on
spawning grounds of the upper Columbia River for a source of eggs. The eggs
used in this experiment were, therefore, obtained from a stock entering Green
River, a tributary to Puget Sound, and intercepted by the State of Washington,
Department of Fisheries at Boos Creek. The progeny of chinook salmon from
Green River could be expected to react to the various concentrations of the
area effluent water in the same manner as progeny from Columbia River chinook
salmon. The eggs were readily obtainable at the Soos Creek Hatchery, and in
addition expected rates of survival and growth were known for this stock.

Late in October, the temperature of the Columbia River had fallen to
about 7410., a level suitable for the incubation of chinook salmon eggs. On
the morning of October 24, 1945, L. It. Donaldson and A. D. Welander of the
University of Washington selected eight mature female chinook salmon from the
stock available at the Boos Creek Hatchery. The eggs were removed from these
fish, fertilized, and immediately transported by car to the Fish Laboratory.
On arrival, at 5:30 p. m. of the same day, the 45,800 eggs obtained were
tempered with river water for about one hour and then distributed approxi-

" mately equally among forty trays, there being two trays in each trough. To
further avoid any temperature shock which might result from placing the eggs
in water of a warmer temperature, river water only was run into Troughs 1, 2,
5, 6, 7 and 8 at the time the eggs were placed on the traysin these troughs.
Later, area effluent water was gradually turned back in so that there was a
gradual temperature rise to the operating level.

On arrival at the Fish Laboratory there was a small area in the center
of each transportation basket which contained a number of eggs killed in
transit. Generally, however, the eggs were in good condition.

Yr^

Experience and Condition

The Eggs

During their incubation period the eggs were held in shallow trays
with wooden frames and plastic screen bottoms. Two such trays were wedged
near the surface in the upper part of each trough, and baffles were installed
to insure water circulation through the eggs. The lower parts of the same
troughs were used for the steelhead trout experiment described above. A lot
number was assigned to each tray of eggs, which corresponded to the trough
number, and in addition contained the suffix "A°, denoting the upper, or °Bn
the lower tray of the pair.

Since some loss was experienced from transporting the eggs, as could
reasonably be expected, all obviously dead or injured eggs were removed from
the trays on the morning of October 25. The number removed from each trough
was recorded, but this loss was not included in subsequent mortality data.
In general, the initial loss or "pick-off" was less than 10 per cent.

The water conditions used during this experiment were the same as
those maintained during the later part of the trout studies, namelya
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^ TROUGH NO . WATER TYPE RATE OF FLOW

1 & 2 100% area effluent water, partially cooled
(40 to 5°C. warmer than river water) 3 g.p.m.

3&-4 100% area effluent water, refrigerated to
river water temperature 3 g.p.m.

5 & 6 1:3 effluent to river water 5 g.p.m.
7 & 8 1010 5 g.p.m.
9& 10 1:50 5 g.p.m.
11 & 12 1:250 5 g.p.m.
13 & 14 1:500 5 g.p.m.
15 & 16 131000 5 g.p.m.
17 & 18 100% river water 5 g.p.m.
19 & 20 100% river water 3 g.p.m.

On October 26 the dead eggs were again removed from all of the
trays, and these mortalities were the first recorded as occurring under the
experimental conditions. During the next three weeks the eggs were devel-
oping through states which are very delicate and easily injured. During this
period, therefore, they were handled as infrequently and as gently as possible.
Frequent removal of dead eggs from Troughs 1, 22 5 and 6 was necessary, how-
ever, since extremely heavy mortalities persisted in these lots and had the
dead eggs been left in the trays, entire groups would have been spoiled.

° Silt from the river water and ferric sulphate sludge from the effluent water
accumulated on the eggs and occasionally had to be siphoned off to prevent
the eggs from smothering.

S'Y
By the second week in November, most of the eggs had developed to

what is known as the "eyed" stage. At this time the young embryo is clearly
visible, and the eggs can withstand considerable handling without injury.
None of the eggs held in Troughs 1. 2: 5 or 6. where temperatures were 40 to

^ 5°C. warmer than the river water, developed to the "eyed" stage.

^ In order to furthor test the effect of the water conditions in
Troughs 1, 2s 5 and 6 on developing eggs, a second batch was brought to the

o^ laboratory from the Soos Creek Hatchery. These replacement eggs were from
the same stock of chinook salmon as those used originally and had developed
to an ueyed1t stage comparable with that of the eggs in straight Columbia
River water. New lot numbers were assigned to these replacement eggs; the
number again corresponded to that of the trough, but suffixes °CU and °DIV

were used to identify the new trays.

Nearly all of the eggs hatched during the first two weeks of Dec-
ember. Those which were incubated in the warmest water, that is, Troughs 1s

2s 52 6s 7 and 8 were the first to hatch. Those incubated in river and
refrigerated effluent water were the last to hatch.

The Fr

When first hatched, the young sa7mon or "fry" are nourished by a
yolk sac which is incorporated into the ventral body wril.l. In water tempera
tures of 60 to 9°C. this yolk is used up in about six weeks or two months,
and at the end of t{ti.s timeJ the young fish are ready to start feeding.

In each trough the fry which hatched from the upper tray (A) and
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a single lot with a number correspond-
'Ir" was added to the lot numbers of those
the original egg lots had been re-

During the latter part of Decembero the f'ry in the undiluted efflu-
ent water, Troughs 1 and 2, began to the in large numbers. Shortly there-
after the mortality among the fry in the 1:3 dilution began to rise sharply.
Considerably later, during the last week in January 1946, the fry mortality
in the refrigerated effluent water also rose sharply. None of the fry in the
undiluted effluent water, Troughs 1, 2, 3 or 4, survived long enough to com-
pletely absorb their yolk sacs and only a very few in the 1:3 dilution,
Troughs 5 and 6, successfully reached the feeding stage. These fry in the
first six troughs showed no indication of their imminent fate when first
hatched. Soon, however, they began to appear weak and exhibited abnormal
swimming actions. During the peak of mortality, and later, most of the indi-
viduals that died showed "white spot disease^, characterized by precipitated
particles in the yolk. "Plhite spotIt disease, however, is thought to be
caused by adverse environmental conditions rather than disease organisms.
Further, the devhlopment of the fry in the refrigerated effluent water was
considerably slower than in straight river water of the same temperature.
When the fish in the control lots had completely absorbed their yolks and were
starting to feed, those in the refrigerated effluent water of Troughs 3 and 4
still retained a large amount of yolk and were smaller in size. Although the
fry in the 1:3 dilution absorbed their yolk sacs at about the same rate as
those in straight river water, their size at the end of the yolk sac stage
was appreciably smaller than that of controls. The fry held in concentrations
of 1:10 or less appeared and acted like thosp in straight river water.

Plates IV through XI show the relative appearance and size of fry
selected from the various water conditions on February 18, 1946, at which
time, most of the fish had just started to feed. The fish portrayed in
Plates IV through VIII are very much alike. Those in Plate IX, representative
of fry in 1:10 dilution, are of approximately the same length as those in the
weaker concentrations of effluent water but have not eaten as much food
recently and appear a little emaciated. The fish shown in Plate I taken from
the 1:3 dilution, are in relatively good condition but are distinctly smaller
in size than those in straight river water. Plato XI shows fry from refri-
gerated effluent water which, although apparently in good condition, are
smaller in size and have not completely absorbed the yolk sac.

Plates XII through SI% were taken on February 20, 1946 and show the
general appearance and density of the fish in the various troughs. Again the
similarity between the fish held in Troughs 7 through 20 is brought out.

^.. ^

Pla.t^ XVIII shows Lots 5r, 6r and 18, Lot 18 being temporarily held in Trough
6(1 pending repainting of Trough 18 and Lot 6r being temporarily held in
the lower part of Trough 5. This plate affords a quick comparison between
the fish held in 1:3 dilution and those held in straight river water. The
differences in numbers and size are evident. Plate %IX shows the fcw weak
and dying fish which remain in Trough 3 and 4 supplied with refrigerated
effluent water. The yolk sacs remaining on many of these fish can also be
seen.

(1) The effluent water was turned off in Trough 6 during this temporary
change. .
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PLATE EII

Chinook Salaon Fry in Troughs2190a^ 20

River Water Control
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P.LATE XIII
Chinook SeJmon Fry in Troughs 15 and 16

1:1000 2-20-46

-46-

u



^

r^

^r

c

tv

: cr

^

-:^
h! ;m

4- 759

PLATE XV
Chinook Salmon Fry in Trong20_^^1 and 12
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Chinook Salmon Fry in Troughs 9 and 10
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PLl^TE XVIII
Chinook Salmon Fry in Troughs 5 and 6

Lots 5r and 18
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PLATE XIX '
Chinook 5almon Fry in Troughs 3 and 4
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- 69 -- _. ^
^



^
•, .'Y

_ . • `^ S ^t ^^T^^^)

V'.
The Fin¢erlinss 17,

^-.- e.c ..:..7:.-. .. ,. __., ..^>. 3.;

• , ^ -^

.

After the young fish have completely absorbed their yolk sacs and
are actively feeding they are called "fingerlings". Most of the fish reached
this stage during the latter part of February, 1946. At this time.the fish
had increased in size to a point where it was no:.longer advisable to retain
such large numbers of them in the troughs. Consequently., on February 27th.,
the number of fish in each trough was reduced to 500 and the surplus fish
were planted in the Columbia River.

New lots of 500 fish each were established in Troughs 1, 2, 3, 4, 5
and 6 since none of the original fish remained in Troughs 1 and 2, only five
remained in Troughs 5 and 6 and only 36 remained in Troughs 7 and 8. The
fish used to establish these new lots were taken from the surplus resulting
from the thinning out of the straight river water control lots. A suffix "A"
was attached to the lot numbers of the new stocks in Troughs 1. 2, 3, 4, 5
and 6 to show that they were replacements and not derived from eggs hatched
in these troughs. The few remaining fish from the original lots in Troughs
3, 4, 5 and 6 were not discarded, but were maintained as separate units until.
their death. The last fish of the original stocks in Troughs 3 and.4 died on

-- March 7th. The sixteon fish of the original stocks in Troughs 5 and 6 remain-
ing on March 15th., were unfortunately ki.l].ed by accident when they wore

n exposed to undiluted effluent water resulting from a brief outage of the
rry river water supply. These few remaining fish of Lots 5r and 6r, were, on the

other hand, very weak and emaciated and had never eaten food in proper amounts*

fn Had they not been in such a weakened condition, they might well have survived
the brief adverse conditions,

N,
Although the fry in the 1:10 concentration had not died in such

great numbers as those in the first six troughs, their mortality and condi-
tion was decidedly worse than that of fish in weaker concentrations of the
effluent water. On February 27, 1946, when the number of fish in each lot

-- was reduced, many of these fish in Troughs 7 and 8 were emaciated and sub-
normal. An infestation of an intestinal parasite, ectamitus , was found in
these fish, but since it did not occur in appreciable amounts in any of the

^ other lots, its presence was probably the result of a lower resistance among
the fish of this group. The addition of a small amount of the drug "Crar-
barsone" to the diet soon eliminated the Octamitus , but this group of fish
continued to suffer an excessive mortality and to contain undersize, emac-
iated fish up to the time the study was terminated. It was interesting to,
note, however, that this group also contained individuals which were the
largest in the laboratory, such specimens-had undoubtedly been able to over-
come the adverse effect of the effluent water and take advantage of the
warmer water temperature in these troughs. (See Table 27)

The fish in undiluted effluent water and in the 1:3 concentration
suffered very heavy mortalities and poor growth throughout the experiment.
Although these fish were frequently examined for parasites none, or very
few, were ever found. Their general appearance in the trough, however, was
not normal. During Msrch, April and early May these fish showed evidence of
irritated gills by holding their gill covers openy but microscopic examinar
tion showed no gill disease. The gill action gradually became more normal
toward the and of the experiment. Many of the fish were emaciated and nearly
all were somewhat listless. The presence of ferric sulfate sludge in the

^50
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°'•-il water on Monday and Tuesday of each week seemed to increase the gill irrita-
tion and prevent the fish from feeding, but otherwise not to contribute to
their discomfort. The fish which died were usually the weakest, most ems.-
oiated individuals, the stronger ones surviving the longest, which indicates
a gradual and continual toxic or weakening effect of the offluent water rather
than an occasional exceptionally adverse condition such as occurred during
the steelhead trout experiment when large amounts of "Calol" were suspected
of being present. The mortalities and growth of these and the other lots will
be considered in more detail in sections immediately following.

From the latter part of May until the end of the studies a few of the
fish in Troughs 7 through 20 suffered from "gas bubble" disease. This is
probably an environmental disease caused by excessive gasses in the water and
it also appeared on the chinook salmon fingerlings of the "pilot" test immed-
iately after they were placed in river water at the Fish Laboratory during
July, 1945. The gas blisters did not appear on the fish held in straight
effluent water or in Troughs 5 and 6 where the volume of effluent water was
great enough to appreciably dilute the amount of excess dissolved gases in
the river water.

Plates XX to %7CI% show the general appearance of the fish in the
various trough pairs on July 2, 1946. Plates XXI3C and XXVIII show the very

$-0 few small fish remaining alive in Troughs 1, 2, 3 and. 4 at this time. The
numbers and size of the fish in Troughs 5 and 6, Plate RXVII, are also
greatly reduced. Plate %%VI shows the relatively fewer fish remaining in
the 1s10 concentration and also the great variability in size of various
individuals; The fish in the other trough pairs appear much alike, several
"pop eyed" fish which are suffering from "gas bubbleft disease may be seen in
these lots.

By the end of June, 1946, these chinook salmon fingerlings had
reached a size and age at which they would normally migrate downstream to the

_ ocesn. To retain them longer in the laboratory vtould introduce several un-
controlled factors which would tend to obscure the effect of the effluent

N water. Therefore, the experiment was terminated on July 3, 1946 and on J'uly
^ 5th the surviving 5,832 fish were liberated into the Columbia River adjacent

to the 100-F Area.

Throughout this experimont the desired water conditions were main-
tained within the tolerance limits given on Page 13j, which were reasonably
strict. •.On1y on rare occasions and then for brief periods of time was it
necessary to alter them because of equipment failure.

Mortalities

Eaas

All salmon eggs which were obviously dead or not developing were
removed from the trays in the various troughs as often as necessary and a

^.. record was kept of the removals. The date on which an egg was removed did
not necessarily correspond to the time at which it died or stopped developing
since many eggs which are wholly infert3le or scarcely developed are not
distinguishable for several weeks. Therefore, nearly all of the eggs which
were removed were cleared in salt solution and fixed with acetic acid so that51 NNW
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PLATE XX
Chinook Salmon Fingerlings in Troughs 19 and 20

River Water Control 7-2-46

!i

Syep

PLATE %7CI
Ohinook Salmon Fingerlings in Troughs 17 and 18

River F7ater Control 7-2-46
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PLATE XXII

Chinook Salmon Fingerlings in Troug2s^165 and 16
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PI.ATE XXIII

Chinook Salmon Fingerlings in Troughs 13 and 14
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PLATE 7LYS7

Chinook Salmon Fingerlings in Troug^s^9G and 1Q
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PLATE XXN

Chinook Salmon Fingerlings in 11 and 12
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PLATE. SN.VII

Chinook Salmon Fingerlings in Troug2s^5 and 6
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PLATE XRVI

Chinook Salmon Fingerlings in Tro^gzs46 and 8
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PLATE XXITITI
Chinook Sa)mon Fingerlings in Troughs 3 and 4

Refrigerated Effluent Water 7-4r46

PLATE XXIX.
Chinook Ss7moa Fingerlings^n Troughs 1 and 2

Effluent Water 7-2-46
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any embryo formation might be observed. The
classified into the following six stages:

eggs
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were arbitrarily

A. Those which were infertile or showed no evidence of embryo
formation.

B. Those which were fertile but had developed only as far as
blastoderm formation.

0. Those in which a definite embryo was formed but had survived
only to the formation of the chorda or primitive streak.

D. Those in which development had advanced to the formation of
somites, fin buds and optic vesicles but whore the total length
of the embryo was less than half the circumference of the egg.

E. Those in which the length of the well formed embryo exoeeded
half the circumference of the egg.

F. Those which died in hatching. This includes principally those
eggs which are called tlhigh-pressures" and which hatched

ry abortively.

Appendix Table 18 shows the number of eggs which died in each tray
or egg lot and the stage in which death occurred. Table VIII summarizes the

^"• data on Table 18 by pooling egg lots which were incubated in like water con-
ditions and presents the results as percentages. Figure 8 is a graphic
representation of Table VIII. As is frequently the case with salmon egg
mortality data, there was considerable variation between the mortalities in
trays incubated•in like water eonditions. The variations were sufficiently
great so that a chi-square test did not show them to be homogenius^ and
precluded simple comparisons of the pooled means for the various water types.

^ However) a sufficient number of trays were used in each dilution level to

C14 permit the use of more elaborate statistical tests. A t-test based on an
array of lot nbrtality percentages was sensitive enough to show significant

Cr differences in the more diverse eases, and an extensive variance analysis
provided a delicate test for borderline cases. In Table VIII the total
mortalities which are significantly higher than those of the river water con-
trol group are underlined.

The consistant and ordeTly arrangement of the results as shown by
Figure 8 is striking. In the undiluted and unrefrigerated effluent water
virtually every egg remained undeveloped. A major part of this effect was,
however, due solely to the warm temperature of the effluent water since in ,
the undiluted effluent refrigerated to river water temperature about seventy
per cent of the eggs hatched. The greater effect of temperature over other
factors is also shown by the fact that the 1001 1:10 and 1:3 dilutions,, in
which the water temperatures were progressively hi;gher.•than that.oftho river
watoT.'hhzt'.mortalities which were in the sane manner progressively greater
than that of the undiluted but refrigerated effluent group. In the 1:250
and 1:500 dilutions the water temperatures were not appreciably greater than
that of the straight river water but other adverse factors in the effluent
caused mortalities significantly greater than in the control and these morta-
lities were in direct relation to the amount of effluent water present. The

. . . '
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slight difference between the mortality in the 1:1000 dilution and that in
the straight river water was not statistically significant. But the fact
that one part effluent water in five hundred parts of river water measurably
increased the mortality of these incubating chinook salmon eggs is of con-
siderable interest.

The combination of high temperature and high effluent concentration
existing at the 1:3 dilution level gave results very much like those of the
straight effluent water; that is, virtually all of the eggs failed to develop..
a few did succeed in foiming a germinal disc but none lived beyond an early
"eyed" stage. Only about fifty per cent of the eggs hatched at the 1:10
dilution level.

Since"none of the eggs in the unrefrigerated effluent or in the 123
dilution hatched, the lots in these water conditions were re-established with
a new series as mentioned in the preceding section (indicated by N. S. in
Table VIII and Figure 8). The eggs in this new series had reached the eyed
stage at the time they were placed in Troughs 1,. 2, 5 and 6, A comparison of

^ the subsequent mortalities in these new lots with the mortality of the control
M during a like period of development again showed a greater deat4.for the eggs

incubated in the effluent water but no significant difference in the 1:3
ry dilution. Further consideration of Table VIII and Figure $ reveals that the

greater part of the egg mortality occurs in Stage "All and is, therefore, due
either to infertility or a near bonploto lack of development. The direct ,
relationship between mortality and concentration of effluent water just dis-
cussed for the total mortalities applies also to Stage "All alone. Similarly,
if each stage is considered independently of all others this same relation-
ship is maintained in nearly every•case; Stage nF" is an exception and the
refrigerated effluent water group is an exception.

Abnormalities

M Soon after hatching the young fry were carefully inspected and those
which were deformed or otherwise appeared abnormal were removed. The per-
centage of abnormal fry found in each water type is shown in Table VIII below

Cs` the egg mortality data. The 1:10 and 1:50 dilution levels were the only onea'
in which abnormality percentages were significantly higher than in the
controls, the difference in the 1:50 group being questionable. Since the
number of abnormal fry hatched in refrigerated area effluent water was practi-
cally the same as in river water, there is good evidence that for the typea
recognized at this time, increased percentages of abnormalities were the
result of increased water temperatures rather than other inherent effects
of the effluent-water. A large part of the deformed fish occuring in the
1:10 dilution exhibited distorted vertebral columns.

Since none of the original eggs placed in straight effluent water or
in the 1:3 dilution hatched, there obviously could be no abnormal fry in
these lots. In the new series groups which replaced these lots, however, the
number of abnormal fry was very low,•which indicated that such deformities
were the result•of adverse factors operating during the early developmental
stages of the eggs. The significantly higher percentage of abnormalities in
the river water control group over that of the new series groups in Troughs
1, 2, 5 and 6 is probably the result of the extra handling received by the
control group. The eggs in the river water were under experimental conditions58 - .^.
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TA?Lv VIII PERCENTAGv NCRTALITIFS AND ABNORL;aLTTIFS CF CHINOOK SAISiGN EGGS
ItcCDBATID IN VARIOtio CONCENTRATICNS OF AREA EFFLUENT WATER

Type of 'dater Effluent
Effluent

N.S.
Refrigerated

Effluent
1:3 1:3 N.S. 1:10 1:50 1:250 1:500 1:1000 River Water

Lot Nos. 15, 18
2g 2B

10, 11)
2C 2D

3A# 31
/,A

55. 53
6A 6B

5C, 55
60 , 61)

7A0
758583

95. 9B
10510B

11A^11B
12A 12B

134s138
7.40 14B

151j158
16516B

17A & B8 185 & B
190 & H 20A & H

Stage A 99.36 .03 20.80 84.31 .21 31.11 22.58 19.99 18.10 14.36 14.10

Stage B .59 .00 2.62 14.46 0 3.49 2.73 1.62 1.94 .91 .74

Stage 0 .05 .00 4.27 1.11 0 4.47 2.88. 2.85 2.27 1.98 1.69

Stage D .15 1.53 .12 .13 6.07 2.17 1.60 1.39 1.60 1.54

Stage E 1.28 .43 0 1.37 2.60 1.07 1.11 .90 .74 - .74

Stage F 2.32 .53 0 .48 1.76 .73 .85 .59 .86 .43

Total 100 3.78 30.19 100 2.19 49.50 32.17 28.02 25.18 20.45 19.23

Abnormslitiee .08 1.30 .08 4.73 2.31 1.21 j 1.76 1.42 1.39

Stage A - Not developed
Stage D - Eyed
Stage F - Hatching

p
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during their early development,
groups were not handled experim

those hatching in the effluent and 1:3
, until after reaching the neyed" stage.
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The daily records of ,the numbers of fry dying in each trough have
been condensed into weekly intervals and are given in appendix Table 19.
The mortalities in lots subjected to like water conditions were sufficiently
homogeneous to permit the pooling of the results into groups, and Table IX
presents the combined mortalities together with their cumulative percentages.
The data of Table IX are shown graphically in Figure 9, where a log scale has
been used above the one per cent level in order to more clearly define the
curves in the lower percehtage levels.

Although the re-established or new series egg lots in the straight
effluent water hatched,-quite suacessfully, the fr,y soon began to the in large
numbers. There was a/brief pause in mortality rate between the third and
fourth week after hatching; then there was a second wave of mortality, which
completely elim.inated the lot by the ninth week. In Troughs 3 and 4 where the
effluent water was refrigerated, the cooler temperature delayed development,
and mortalities greater than those in the controls did not appear until be-
tween the third and fourth week after hatching; subsequently., the history of
this group was much like that of the group in the unrefrigerated effluent
water, but extended over a greater period of time. Following the first surge
of mortality, which accounted for only about 3 per cent of the fryy there was
a pause in mortality rate for about three weeks." A second and much larger
wave of mortality then virtually wiped out the group.

The fry in the 1:3 dilution, which had also hatched from re-esta-
blished egg lots, began to the in appreciable numbers at about the same time
as those in the refrigerated effluent water. Here, however, there was no
pause in the curve, and a high rate of mortality was maintained until the
group was practically eliminated.

In the-1t10 dilution the rate of nortality in the developing eggs
had been appreciably higher than in the weaker dilutions. This higher rate
was maintained during the fry stage and resulted in the death of about 20
per cent of these fish. Again there was a brief period when the rate of
mortality slackened; the pause occurred,in this group between the second and
fourth weeks.

The 1:50, 1:250,, 1:500, and 1:1000
cantly increase the mortality during the fr,
note, however, that nearly all of these our
ality rate between the fourth and eighth we
January, 1945. Mether this is related to
refrigerated effluent, and 1:20 dilution is
for such deflections is not apparent. mne '
passed through a stage in which.they were m
tions or that different physiological facto
at different times. The deflections occurr
the period of coldest water temperatures.

dilution levels did not signifi-
stage. It is interesting to

-es show a period of lower mort-
ik, that is, during the month of
he deflections in the effluent,
not clear. Indeed, the reason
cight conjecture that the fry
ire resistant to adverse condi-
-a in the fish were being effected
:d near, but somewhat preced'ed,
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TABLE IlC
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NOiT1LITIES OF CHINOOK SALMON FRY RE/RID
IN VARIOUS CONCENTRATIONS OF AREI EFFLDENT NATEti

Typa of Bfatar Effluent
Rafrigerated

Effluant 1:3 1t1.0 1a50 1s250 1:500 111000 Rinar Hater

Lot No®, lr & 2r 3&.4 5r & 6r 7&8 9& 10 11 & 12 13 & 14 15 & 16 17t18t19t20

No, of Fish 3664 2817 3606 2137 2749 3009 3133 2773 6875

Date bos, C 1L.

"r

C
un%

Nor Cn Yor C Hor Cuez Ner C Yor C Yor C Y^ C

-12/5/455 l 0 . 23
12/6-22/12 48 1.31 2 .10 12 .39 38 2.01 6 .22 4 .13 2 .07 5 .07

12/13-12/19 657 19.24 6 .32 5 .47 2 2.11 4 .36 3 .23 13 Al 11 .47 27 .47

12/20-12/26 81 21,45 59 2.41 37 1.50 10 2.57 5 .55 8 .50 9 .70 4 .61 19 .74

12/27-1/2/46 291 29.39 25 3.30 263 8.79 43 4.59 12 .98 10 .83 7 .93 3 .72 7 .84

1/3-1/9 1140 60,51 6 3.51 499 22.63 22 5.61 7 1.24 1 .86 2 .99 2 .79 .84

1/10-1/16 1237 94.27 10 3.87 703 42.12 32 7.11 6 1.46 6 1.06 6 1.18 2 .86 6 .93

1/17-1/23 197 99.64 53 5.75 656 60.32 32 8.61 5 1.64 4" 1.20 3 1.28 3 .97 9 1.06

1/24-1/30 13 100 310 16.75 586 76.57 22 9.64 15 2.18 9 1.50 11 1.63 10 1.33 42 1.67

1/31-2/6
Al 623 38.87 550 91.82 43 11.65 7 2.44 13 1.93 17 2.17 13 1.80 49 2.39

2/7-2/13 1 1423 89.39 197 97.28 79 15.35 10 2.80 10 2.26 17 2.73. 16 2.38 32 2.85

2/14-2/20 Daa 252 98.33 40 98.39 74 18.81 9 3.13 15 2.76 15 3.19 11 2.78 38 3.40

2/21-2/27 d" 42 9982 22 9900 68 21_99 9 3.46 19 3.39 10 3.51 19 3.25 30 3.84

tf ^
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FIGURE 9

MORTALITIES OF CHINOOK SALMON FRY

INCUBATED IN VARIOUS CONCENTRATIONS OF AREA EFFLUENT WATER
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FYn,,,gerling^s

The distinction between the fry and fingerling stages is rather arbi-
trary., but is here characterized by an active feeding response by the fish in
most of the troughs. At this time it was also necessary and convenient to
reduce the number of fish in each trough to approximately.five hundred. As
mentioned in a preceding action, new stocks were placed in Troughs 1;, 2j 32 4P
5 and 6 since practically all of the fry in these troughs had died.

The mortality data for the fingerlings was handled in precisely the
same manner as that for the fry. Apper^,dix Table 20 shows the weekly mortal-
ities for the various troughs or lots. Again, the data within each water type
were sufficiently homogeneous to justify pooling the results into the group
means shown in Table X. The cumulative percentages of Table S have been
plotted in Figure 10., which also utilizes a log scale above the one per cent
mortality level.

Although the fingerlings in the effluent., refrigerated effluent$ and
10 dilution had not previously been subjected to area effluent water, their
mortalities immediately rose above that of the controls, and an extremely
high rate of death continued in these groups until nearly all of the fish were
deado As had occurred with the fry, the fingerlings held in unrefrigerated

^ effluent water were affected quickly,, while in the refrigerated effluent and
1:3 dilution., the response was slower; the ultimate result$ hoWever)? was much
the same.

The death rate in the 1:10 dilution exceeded that in the straight
effluent water during the first three weeks. This was because the fingerlings
in the 1:10 dilutions were held over in Troughs 7 and 8 from the fry stages.,
and a high mortality rate was already present in these fish at the time the
fingerlings•data were started. At the time the experiment was terminated., over
60 per cent of the fingerlings in the 1:10 dilution had died; although this is

- about six times greater than that of the controls., it is of a lower order than
the mortalities which occurred in Lots 1S through 63.

In dilutions of 1:50 or greater., the effluent water did not signifi-
cantly increase the mortality of the fingerling chinook salmon. Of the 6 to
10 per cent mortality suffered by'the fingerlings in straight river water and
the lower dilution levels, the greater part occurred during the last six weeks
and was due to "gas bubblet' disease.

Growth in Lenath and Weight

The growth in length and growth in weight followed identical tr nds.,
and so will be considered together* As in the previous experiments., length
measurements were made every four woeks, and the fish were weighed in groups
every two weeks. The length measurements taken at each sampling date are
are shown in appendix Tables 21 to 27, and the average weights in appendix
Table 28. In general,, the sizes of the fish in lots reared under like water
conditions are'in good enough agreement to allow pooling of the data. Table
'%I shows the average lengths of the sa2mon in each water type on each sssmpl-
ing date; underlined'values are significantly lower than those of the cbontrol
group. Table XII shows the average weights after pooling similar data Tof

appendix Table 28.

" • • 61+ " ^l•^-
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TABLE X

9 21 2 l `3 P ,5 `? 6

@08TALITIE4 CF CHINOOK SdIl10N PINGERLINGS (SERIES 2)
RE6RED IN YlRIORS CONCENTRATIONS OF AREA EFFLNEAT WATER

Type of Water Effluent
Rafrigeratad
Effluent 193 1:10 1350 1:250 1:500 1:1000 River Nater

Lot Nas. IS & 28 3S & 43 55& 68 7& 8 9& 10 11 & 12 13 & 14 15 & 16 17,18?19820

No. of Fish 981 972 969 953 988 994 989 993 1982

Dab Yor C Ncr• Y^, C 11r C Nor C !t^ C H^ C 1^ C Hor ^
'umz

2/28-3/6 6 .61 4 .41 5 .52 20 2.10 3 .30 1 .10 4 .40 2 .20 5 .25

3/7-3/13 8 1.42 3 .72 2 .72 24 4.62 3 .61 3 .40 1 .51 4 .60 1 .30

3A4-3/20 7 2.14 9 1.65 3 1.03 23 7.03 1 .71 4 .80 1 .61 2 .81 4 .50

3/21-3/27 128 15.19 6 2.26 5 1.55 17 8,81 1 .81 1 .91 1 .71 1 .91 1 .55

3/28-4/3 264 42.10 15 3.81 10 2.58 15 10.39 1 .91 2 1.11 0 .71 . 2 1.11 1 .61

4/4-4/10 152 57.59 30 6.89 26 5.26 I1 11.54 1 1.01 0 1,11 1 .81 1 1.21 7 .96 _

4 -4 7 49 62.59 46 11,63 44 9.80 14 13.01 2 1.21 1 1.21 1 .91 3 1.51 4 1.16 ;?^

4 18-4 24 95 72.27 129 24.90 67 16.72 26 15.74 2 1.42 1 1.31 1 1.01 1 1.61 5 1.41

4 25-5 70 79.41 123 37.55 129 30.03 49 20.88 3 1.72 3 1.61 2 1.21 1 1.71 3 1.56 ^

5 z-5 8 75 87.05 162 54.22 179 48.50 61 27.28 3 2.02 2 1.81 5 1.72 2 1.91 5 1.82

5 9-5 5 33 90.42 90 63.48 77 56.45 59 33.47 7 2.73 4 2.21 2 1.92 2 2.11 6 2.12

5 1 5 22 8 91.23 119 75.72 46 61.19 • 49 38.61 9 3.04 2 2.41 3 2.22 4 2.52 9 2.57;^

5/23-5/29 26 93.88 66 82.51 26 63.88 49 43.76 17 4.76 4 2.82 2 2.43 3 2.82 9 3.03

5/30-6/5 24 96.33 76 90.33 31 67.08 64 50.47 15 6.28 7 3.52 9 3.34 3 3.12 16 3.83

14 97.76 57 96.19 37 70.90 47 55.40 9 7.19 3 3.82 11 4.45 4 3.52 25 S.10

6/13-6/19 3 98.06 7 96.91 36 74.61 21 57.61 10 8.20 10 4.83 5 4-95 3 3.83 36 6.91

6/20-6/26 9 98.98 5 97.43 124 87.41 33 61.07 15 9.72 12 6.04 8 5.76 10 4.83 42 9.03

6/27-7/3 2 99.18 5 97.94 46 9z.16 17 62.e5 9 10.63 4 6,44 3 6.07 5 5.34 11 9.59

, -
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FIGURE 10

MORTALITIES OF CHINOOK SALMON FINGERLINGS
HELD IN VARIOUS -CONCENTRATIONS OF AREA EFFLUENT WATER
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TABLE %I I.ENCTHB OF CHIIi00K 81Ii40qi TINOIIiLIIiOS (8ffitIFB 2)
IN VARIOUS CONCEBTRATIONS CF AREA PlBLUStTf W1TIIt

Type of Water Effluent
Refrigerated

Effluent
Refrigerated

Effluent 1:3 113 1:10 1t50 1:250 1:500 1t1000 River Water

Lot Noe. 1s & 2S 3& 4 39 &48 5 & 6 5S & 64 7& 8 9& 10 11 & 12 13 & 14 15 & 16 17918919920

Jan. 30-31 30.3 31.0 34.6 33.9 33.5 33.6 33.4 33.5

Feb. 26 37.1 31.6 36.9 31.6 37.0 37.0 37.6 37.1 36.9 36.9 36.9

1'arch 27 39.0 37.7 399 39_0 41.2 40.6 40.7 41.1 40.3

1:nri1 25 41.0 39.2 41.8 43.7-21 45.5 44.2 44.7 45.4 44.8

May 22 42.3 40.4 45.7 49.3 53.3 53.0 52.4 53.4 53.4

dune 19 45.4 43.5 50.4 62.7 65.7 63.6 64.8 65.6 63.9

July 3 49.0 45.9 61.3 70.6 70.7 72.3 70.7 72.5 70.1

^
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TABLE III &VERIGE WEIGNT IN GR1iSS Cr CHINOOK S1IYON (SERIES 2) NEID

IN VARIOUS CONCENTRATIONS Cr AREA EFFLDSNT WATER

1

Type of Water Efflveat Rafrig.Eff. Rafrig.Eff. 1t3 113 1:10 1t50 1:250 1:500 1s1000 River Water

Lot Noe. 23 & 24 3 & 4 38 & /,8 5R & 63 58 & 68 7& 8 9& 10 11 & 12 13 & 14 15 & 16 17,18,19,20

1/30/46 .43 .40 .49 .52 .53 .53 .52 .50

2/13 .45 .41 .55 .60 .58 .60 .60 .57

2/27 .67 .44 .66 .33 .64 .57 .68 .68 .67 .68 .65'4

3n3 .76 .70 .50 .82 .63 .81 .80 .82 .82 .79

3/27 .73 .70 .85 .68 .98 .94 .95 .97 .95

4/10 .81 ,71 .92 .87 1.17 1.09 1.10 1.13 1.07

4/25 .83 .74 .89 .97 1.23 1.15 1.12 1.21 1.22

5/8 .89 .70 .95 1.08 1.54 1.46 1.41 1.49 1.50

5/22 .97 .79 1.24 1.60 2.07 2.09 2.04 2.15 2.15

6/5 1.27 .77 1.50 2.41 2.84 2.85 2.71 2.90 2.87

6/19 1.45 1.19 1.95 3.65 3.80 3.75 3.64 3.85 3.59

7/3 1,62 1.20 3.25 5.29 5.26 5.12 4.92 5.03 4.58

00
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FIGURE 12

GROWTH IN WEIGHT OF CHINOOK SALMON FINGERLINGS (SERIES 2)

HELD IN VARIOUS CON"CENTRATIONS OF AREA EFFLUENT WATER
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The nature of the weight data,which gave only average values with-
out indicating the variation in size between individuals in each lot, make it
impossible to test for significant differences between lots by ordinary
methods. Further, rates of growth could not easily be compared statistically
since they neither followed a straight line relationship nor curves of equa-
tions of'the first' degree; however, the significance of size differences
between the various groups was adequately shown by the length data where each
group was compared to the control by the 'It-test".

Figures ll and 12 depict the growth of the fish in length and weight,
respectively. Size measurements were first made at the endof JanuaryJ 1946,
before the fry had completely absorbed their yolk sac. The improper utili-
zation of the yolk by the fry in Lots 3., 4, 5r and 6r, held in refrigerated
effluent and the 1:3 dilution, is evident in Figure 11. The lengths of these
fry are significantly smaller than those of other lots, but because of their
relatively larger amount of unabsorbed yolk, their weights were only slightly
smaller. None of the fry in the unrefrigerated effluent water of Troughs 1
and 2 survived at this time, and those remaining in Lots 3p.4, 5r and 6r soon
died without showing appreciable growth.

The fingerlings placed in Troughs 1 through 6 to replace the fry
sa, which had died immediately showed significantly slower rates of growth than

those in'the other troughs. The poorest growth occurred in the refrigerated
^ effluent water where both low temperature and adverse conditions operated

together. In the unrefrigerated effluent water, the fish grew only slightly
° faster although temperatures were favorable for rapid growth. At a similarly
,

,
favorable temperatureI, but with the effluent diluted with three parts of river
water, growth was somewhat better than in the undiluted effluent groups, but
still markedly slower than in the controls. In this group, which includes
Lots 5s and 6s, there is an apparent sharp increase in rate of growth during
the last two weeks of the experiment. This is not actually the case, howeverj,
since only the largest and strongest individuals remained alive on July 3,
1946, to make up the final sample. Peculiarly, one fish in Trough 6 seemed

hg more resistant to the adverse conditions and was able to take advantage-of
the more favorable water temperature$ thus reaching a larger size than any

CP other fish in the laboratory. (See Table 27)

In the 1:10 dilution, some of the fish were able to overcome much
of the adverse effect of the effluent water and make rapid growth in the
warmer water. Other individuals were seriously affected at this dilution
level, grew scarcely at all, and were subject to disease. This resultod in
a wide range of sizes of fish in Troughs 7 and 8, which was eviderit even
during the late fry stage, and became greater as the experiment progressed.
Although the average size of these fish was appreciably lower than that of
the controls during March, April, and May, the differences were only of
questionably significance statistically due to the great variation of sizes
within the group. An apparent increase in growth rate during the last six
weeks of the experim©nt in this group held in the 1:10 dilution makes their
final size equal to, or a little larger than., that of the controls.L Again
this apparent increase is not realp but results from the deaths of smaller
fish with the survival of larger ones.

In dilutions of 1$50 or greater, the effluent water did not retard
the growth of the fingerling chinook salmon, Actually, on July., 3, the
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weight of the control fish was noticeably less than that of fish in weak
dilutions of the effluent water, and effect which might be caused by slight
temperature differences in proportion to the amount of effluent added.

Discussion

The difficulties in controlling experiment conditions which were ex-
perienced in the steelhead trout and chinook fingerling pilot studies fortu-
nately did not enter this second series of chinook studies. Minor disease
conditions attributable to a lowered resistance.among the young fingerlings
in the 1:10 dilution level were soon controlled, but some losses were sus-
tained in river water and in the weaker dilution levels late in the experi-
ment, due to !"gas bubble" disease: In general, however, extraneous factors
did not greatly influence this experiment, and the results obtained can be
attributed to the controlled experimental conditions with reasonable certainty.

No change in experimental design was thought necessary during these
studies; however, complete or near complete mortality of some of the groups
necessitated restocking Troughs 1, 2, 5 and 6 with eyed eggs and Troughs 1,
2, 3, 4, 5 and 6 witb fingerlings.

From the sections above, it is evident that the younger develop-
mental stages of.chinook salmon are somewhat more susceptible to the adverse
factors in the area effluent water than are the older fingerlings; neverthe-
less, in.all stages studied, undiluted effluent water and the dilution of one
part effluent to three parts.river water not only resulted in very poor growth
and.development, but were soon lethal.

At a dilution of one part effluent to ten parts river water, morta-
lity was greatly increased in every stage. There were more abnormalities3
and many of the surviving fish were undersized, weak, emaciated, and sus-
ceptible,to disease. Some individual fish, however, were able to tolerate

- this concentration and make rapid growth.

When diluted with fifty or more parts of river water, the area
effluent did not appearto adversely affect either the growth or the mortal-
ity of the fry or fingerling chinook salmon.

Early developmental stages of the eggs were, however, more sensitive,
and a measurable increase in mortality was present in dilutions as low as one
part area effluent water in five hundred parts of river water.

, -^-
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TABLS 1 A sample of the form used dm

as a guide in adjuntinE 'Uatee

148 BOILDING

Date 6.13-46

i n

^h!

0%

Checked by SchroadeP
Shift 8-4

Superviaor Foe te_r

Time 10:30 - 11:00 AM

Troug Area Effl uent Water River Water

NO. Should Flow fts Flowing Adjusted to Should Flow ^ias Flowing Adjusted to

1 1900 co/10 aeo 1900 None

2 1900 " 1900 None

3 1900 1900 None

4 1900 " 1900 None

5 2400 co/30 eeo 2350 2400 2400 cc/10 sac 2150 2400

6 2400 cc/30 aec 2400 2400 cc/10 sec 2400

7 286 co/10 seo 285 2850 3000 2850

8 286 oc/10 seo 285 2850 2800 2850

9 62 62 3100 " 3100

10 62 63 62 3100 " 3100

11 75.5 ac/mia 77 75 3150 " 3150

12 75.5 " 61 75 3150 " 3150

13 38 38 3150 " 3150

14 38 " 38 3150 " 3150

15 19 " 19 3150 " 3200 3150

16 19 " 19 3150 3150

17 None 3150 " 3150

18 None 3150 3150

19 None 1900 " 1900

20 None 1900 " 1900

^f -- 74
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Prelininary Results

k0R^.ALITI'eS OF C[tIN00B _°11COa FINGERLINGS HELD IN VARIOUS CONCENTRATIONS OF AREA EFFLUENT WiATER

^

^`..

Lot No. 2A 1B 2B 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

7,etar VYam Warm Warm River River 1:500 1:500 1:50 1:50 1:100 1:100 1:250 1:260 1:500 1:500 110b 1f00 River Water
Type Eff Eff. Eff. Water Yiate

::o. Fish 50 94 56 50 50 100 100 100 100 100 100 100 100 100 100 100 100 100 100 90 90

ho-tality• Started
7/7.5-31 44 Aug.1 Aug.1 2 2 11 6 6 6 5 13 14 10 5 1 4 5 12 17 12 9

8/1-7 22 21 6 4 12 19 8 10 19 15 23 10 5 9 21 17 4 7 6 16

8/6-14 20 27 8 8 21 24 12 8 9 6 10 15 15 11 44 22 8 32 18 14
...

?/15-21 25 6 5 6 8 2 10 6 3 8 5 1 12 19 7 18 5 10 20^

'
i

8/22-27 20 1 1 3 2 4 5 11 0 5 6 6 5 5 6 2 2 2 5= . . ^b

Tnrel 44 87 55 22 23 54 55 41 41 36 47 58 42 42 45 82 64 31 68 63.E ^ $H'::

F.
98 92.6 98.2 44.0 46.0 E4.0 55.0 41.0 41.0 36.0 47.0 58.0 42.0 42.0 45.0 82.0 64.0 31.0 68.0 70.0 64:_ -

n

<.
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TABLE 3

'-•.,

VORTALITIES OF CHINOOK SALYAN FINGERLINGS HEL.D IN VARIOUS CONCENTRATIONS OF AREA EFFLUENT ^ATER

Results after regrouping of Lots on Augnet 27, 1945

1

O^+

1

Lot No. TC 2C

::cj:

4C 51; 6C 7C BC 9C lOC 11C 12C 13C 14C 1bC 16C 17C 18C 190 201

Fater Type
Frecooled Refrigerete d 1s600 1:60 1=100 13250 13600 1=1000 River

St^ nEffluent Effluent efrigerated W ter

No. Fish 44 42 23 44 44 41 46 43 44 46 44 45 43 44 43 44 44 43 44 43

L'ortality
8/28-9/3 44 42 8 2 5 8 4 4 3 4 3 3 6 2 11 1 1 2 3 3

9/4-10 11 21 2 4 3 1 5 2 8 7 1 5. - 1 2 1 5

9/11-17 15 2 4 1 3 5 7 8 6 1 - 5 1 2 1 3 1

9/18-26 1 1 2 6 - 3 2 3 3 1 1 4 7 4

Total 44 42 20 39 11 21 5 13 11 19 13 19 15 4 25 9 4 9 7 &._

100 100 87.0 88.6 25•0 b1.2 30.9 30.2 25.0 41.3 29.6 42.2 34.9 9.1 58.1 20.4 9.1 20.9 15.9

. ^,

^ M1

• ^ . •`-e'

p

44/
•. . .^^a , •f

•

'^. . 'M"

r '
^. ' ^ • . .

P.^. .+. ^ E ;>
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TABLE 4 AVERAGE e'EIGHTS IN GRAHS OF CHI700K SAIl107 FIN(;rRLINGS HELU IN

VARIOUS CONCEYFRATIONS OF AREA EFFLUENT WAiER

Preliminary Weights

i

v

1

^
Type of
Water River Water 1:500 1:50 1:100 1:250 1:500 1:1000 River :ater

Lot No. 1 2 3 4 6 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

No. of
Fiah at
Start 50 50 50 50 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

Av4. Wt
7-24-46 10.36 9.68 9.90 10.36 9.84 8.73 9.45 9.25 9.55 9.20 7.83 9.55 8.05 9.20 8.75 9.10 9.75 10.25 8.51 9.00

8-27-45 13.74 13.27 14.15 13.98 13.61 12.76 14.27 2.27 12.00 14.55 10.94 13.54 13.20 14.94 12.91 14.55 12.21 13.79

^ ^.

5TABLE

Weights After Regrouping of Lots on August 27, 1945

Type of Warm Refrig. 13600
Water Eff. Eff. Refrig. Eff. 1360 1:100 1:250 1:500 1:1000 River Water

Lot No. 10 2C 3C 4C 50 60 7C 80 9C 100 110 120 13C 140 15C 16C 17C 18C 19C 0C

Im. of
Fish at
Start 44 42 23 44 44 41 46 43 44 46 44 45 43 44 43 44 44 43 44

N _.
43

Avg. Wt
8-26-46 13.14 12.6 10.39 12.59 13.98 13.86 13.1b 13.09 13.64 12.56 12.45 14.22 10.77 13.45 12.56 13.82 13.44 14.56 12.73 16.60

9-10-45 12.83 13.33 15.54 14.54 14.77 15.33 15.45 13.34 14.00 16.20 12.39 16.10 14.81 14.84 15.00 16.05 14.67 15.06

9-24-45 16.6 14.5 17.12 15.00 16.80 17.67 1fi.09 15.20 15.35 15.77 13.29 17.12 17.29 16.13 17.63 13.14 l0".92 16.47
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Length
in M. . 10 0 c

1
C C 0 0 0 C 01 N 20 30 4C 6C 60 7C 80 90 00

60 1 1 1

65 1 2 1 1

70 1 1 2 1 2 3 1

76 1 1 1 1 1 1

80 1 2 2 2 2 1 6 1 1 3 1

85 4 1 3 3 1 4 6 2 2 2 3 1 3 2 1 2 3 2

90 7 4 4 5 4 2 1 3 0 7 2 7 1 6 3 6 2 6 4

95 9 9 5 9 4 6 8 7 3 7 10 1 10 6 10 5 7 6 11 5

100 11 9 4 18 8 6 15 9 7 13 9 14 8 7 8 8 9 9 6 12

105 8 8 2 11 13 8 8 14 12 6 8 16 2 14 5 8 6 14 17 13

110 4 1 3 8 8 4 4 7 6 3 4 4 7 6 9 8 7 1 4

116 1 3 3 2 1 3 1 3 1 1 . 4 3 3

120 1 2 1 1 2 1 1

125 1 1

Tota1 43 41 22 44 44 38 44 42 42 46 42 43 41 43 40 43 44 43 44 42

.J

_7g_
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Lot Noa.
Length

K. Y. 10 20 3C 4C SC 66 70 Sc 90 lOC 110 12C 13C 14C 15C 16C 17C 180 19C 20C

60
1

66 1 1

70 1 1

75 1 1 2 1

80 3 1 1 1 1 1

85 2 1 3 2 3 1 5 2 1 2 1

90 1 2 1 1 3 1 1 2 1 2 2 3 1

95 2 3 2 2 2 5 3 3 5 1 2 5 5 5 1 1

100 2 2 3 6 4 3 5 6 6 4 2 2 3 S 2 3 9

106 8 2 10 6 5 6 6 7 4 5 3 8 3 6 10 10

110 1 12 3 9 9 8 1 4 5 5 14 4 3 7 10 12 6

116 1 7 7 5 6 5 5 5 2 2 5 2 12 5 7 6 5

120 3 2 3 1 2 5 2 2 8 3

125 1 1 1 1 1 1 1 1 1 1

130 1 1 1 1

Tota1 3 2 33 26 40 30 32 28 1T26 30 40 16 37 40 36 36 34

- 79 -
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TABLE 8 Y(3iTdLPPffS OF STEELNBW TROUP FINGERLINGS NELD IN THE PRELIMINARY
CONCENTAATTONS CF AREA EFFLDEt,T WaTER

I

Type of Water Effluent
Refrigerated

Effluent
1s500

Refrig.Eff. 1150 1:100 1s250 1s500 1s1000 River Watar

Lot Noe. 1 ft 3X 4 5 6 7 8 9 10 11 32 13 14 15 16 17 18 19 20

No. of Fieb 135 117 91 123 316 108 103 107 120 3.16 111 125 141 120 125 147 114 81 117 119

8-27 to 9-2 30 27 1 2 0 0 0 0 0 3 6 2 2 1 5 0 0 0 0 0

9-3 to 9-9 11 13 1 1 0 1 0 0 1 1 0 23 8 3 2 0 0 0 0 0

9-10 to 9-16 6 40 0 1 0 1 0 0 2 1 0 2 5 0 0 0 0 0 0 2

9-17 to 9-23 28 18 0 0 1 0 0 1 1 0 1 2 3 0 0 0 0 0 0 0

13 3 1 0 0 0 0 0 0 0 0 0 0 0 0 7 0 0 0 . 0 ^

EEE

1 0 0 0 0 1 1 0 0 0

^z 3 1 1 1 0 0 2 0 0 0 0 0 0 0 0 0 0 1 1

ToFal 92 105

__
6

_
;;. 2 1 3 ;;, 6 7 19 18 4d 7 8 1 0 1 r 3;

^

-,.-

- - - ---- -------- -G.,..
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TABLE NORTALITIPS CF STEELHEAD TROVf FINGERLINGS HELD IN THE FINAL
CONCENTRATIONS OF AREA EFFLUENT WATFR

Type of Water Effluent
Refrigerated
Effluent 1:3 1:10 1:50 1:250 12500 1:1000 River Water

Lot Nos, ]1 2A 3 4 5l 6A 7A 8A 9A 10A 11 12 13 14 15 16 17 18 19 20

No, of Fieh 48 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50

10-12 to 10-18 30 50 48 50 23 28

10-19 to 10-25 1 9 2 1

10-26 to 11-1 2 1

11-2 to 11-8 3 1

]1-9 to 11-15 1 1

11-16 to 11-22 1 1 2

11-23 to 11-29

11-30 to 12-6 1

12-7 to 12-13

12-14 to 12-20 -

12-21 to 12-27 1

12-28 to 12-31 1 -

Total 37 50 48 50 34 31 g^ 1 1 6

^^.

f.1
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29BLE 10 STE6Ll
Am=
PdD TR

15T-16 1945T ^^^

N

,

Type of Nater Effluent
Refrigerated

Effluent
1i500

Rafrig.Eff. 1s50 1:100 1:250 1:500 1:1000 River Water

Lot Nae. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Lengths In mm
35

40 2 1 1 1 1 1 2

45 4 5 2 1 1 2 1 1 1 1 1

50 3 5 9 13 5 2 2 7 4 7 1 2 2 4 7 6 1 9 3 4

55 13 16 14 13 14 8 15 9 11 9 9 5 6 9 11 7 15 11 13 15

60 23 22 1,3 15 18 13 14 16 10 17 16 18 9 17 14 14 19 13 14 17

65 6 6 7 2 7 20 12 12 17 10 11 10 18 10 14 15 12 13 17 9

70 3 1 5 5 6 2 5 4 9 10 10 6 2 2 3 2 1 2

75 1 2 2 1 1 1 2 1 3 2 1 3 2 2 2

80 1 1 1 1 1 1

85 1 1

90

.^

;

v+^ . . ._.._ . _ . . _ _ _ .. . .d.
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TABIE 11 sTEELIM TROVr 18ROTR PREQt1ER03E8
SEPTEWE& 10 - 13o 1945

Tne of Neter Effluent
Refrigerated

Effluent
1i500

Refrig.Eff. 1350 11100 1r250 1t500 1s1A00 River Water

Lot Roe. 1 21 3x 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Lengths in ea
35 1

40

45 3 2 2 1

50 2 8 3 3 2 2 1 1

55 12 12 3 8 • 2 3 1 1 2 1 1 3 5 4 1 1 2

60 21 22 16 11 7 6 4 3 6 5 2 5 4 6 6 6 4 4 6

65 9 3 73 13 11 9 14 10 11, 5 4 u 8 7 6 6 9 10 10 12

70 3 2 8 11 9 13 14 13 11 16 11 11 15 10 12 14 15 8 12 17

75 2 3 7 10 12 4 10 8 12 12 11 14 11 7 3.2 10 9 9

80 2 9 4 3 8 5 14 7 5 2 2 8 9 4 7 6 5

85 1 1 2 8 2 6 6 2 5 5 4 4 2 3. 1 7 5 2

90 2 1 1 1 2 2 1 2 2 2 3 2 2

95 1 1 1 1 1

100 1 1 1 1

105 1

^

- ---'(..F

&p F
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TABLE 12. S7ERTnx'm TROUT LENGTH FREqUENC1E8
aCTOBb2t 9 - l0i 1945

TYpe of Water Effluent
Refrigerated

Fdfluent
11500

Refrig.Eff. 1250 13100 1i250 13500 1s1000 River Water

Lot Noe, 1 21 31 4 5 6 7 8 9 10 11 12 33 14 15 16 17 18 19 20

Lengthe in mm
50 1 1

55 3 1 1

60 10 1 2 4 1 1 2 1 1

65 16 3 5 1.0 1 2 1 2 2 1 2 2 4 1 1

70 2 3 7 7 5 3 7 5 2 2 3 1 3 3 6 2 5 5 5 2

75 3 1 8 8 6 1 2 3 8 6 3 5 5 4 5 7 4 4 10 9

80 3 13 11 9 6 6 4 9 5 7 12 6 2 10 9 4 5 7 10

85 6 5 10 4 10 7 8 9 7 4 3-1 8 8 8 12 8 7 10

90 7 3 5 10 12 11 8 11 11 10 7 13 9 9 L2 7 3 9

95 2 5 6 5 5 6 5 5 8 4 10 7 6 4 8 7 7

100 1 4 9 4 8 6 6 4 5 8 3 1 4 3 6 6

105 3 7 2 2 2 2 4 3 2 2 2 1 4 3 1

no 1 2 1 1 3 3 1 1 1 1

ll5 2 1 1 1 2 1 1 1

120 1 1

125 1 2 1

... C^
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Tpgg 15 STEELEBD THOtT LENGTH FRBQUENCIEB
NroMSM 6, 1945

^

^

Tyre of llat.nr Effluent
Refrigerated

Effluent 1:3 lilA 1:50 1:250 1:500 1:1000 River Water

Lot Nos. 1: 2a 38 4 50 66 7A Si 91 106 11 12 13 14 15 16 17 18 19 20

Len_^th 5n mm
55

6n

65 1 1

70

4 ' :

1 3 1 1 2 1 1

75 3 1 1 1 1 2 4 2

^n 1 2 1 1 2 2 1 2 3 3 4 1 5 6 1

?s 1 2 4 3 2 3 1 1 6 1 2 3 2 6 4 5

n 1 1 1 7 1 2 2 4 5 3 3 8 7 2 3 3 5

^•5 4 2 1 6 8 5 1 4 4 3 1 5 5 5 6 9 7

loG 1 3 3 3 3 5 5 8 10 6 6 4 9 9 6 5 8„

105 1 1 10 6 10 9 7 6 7 9 9 4 8 4 5 8 n

110 1 2 4 6 6 7 6 4 6 12 7 5 10 1 4 4'

115 5 8 7 6 6 8 4 5 3 2 1 7 6

1?0 2 2 4 5 3 4 2 5 6 1 3 5 1 6 2 3'.:

325 3 2 3 3 2 6 2 3 1 4 2 5 1 2

3=n ? 1 3 1 2 2 1 1 1 3 1 3 1 1

135 1 1 2 1 2 1 1 1 1 2

1!^) 1 1 1 1 1

L5
1 .

150 1 1 1 1 1

^a*
®

,N^
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TABIF: 14 STEELHF.AB TROUf LF.NOTH FREQUENCIES

^

!

Type of Water Effluent
Refrigerated

Effluent 1:3 1t10 1:50 1:250 1:500 1:1000 River Weter

e N 2A 3B 6L 7d SA 10A 11 12 1 1 16 17 18 19 20

60
65 1 1 1
70 1 2

75 2 2 2 1 1

80 1 1 2 2 1

85 1 1 2 1 2 2 2

90 2 2 3 1 2 2 2 2 1 1 1 1
95 1 1 2 4 1 2 3 2 4 2 5 4 7 4

100 1 2 1 5 2 3 1 3 3 1 2 4 3 5 2 4

105 3 1 5 2 1 2 4 3 5 1 5 3 2 8 5

110 3 2 2 5 3 2 3 4 2 3 3 5 3 5 3 4
115 1 2 5 5 2 4 4 6 6 4 8 7 4 5 6 6
120 1 2 2 3 6 10 5 8 6 4 9 8 8 8 5 1 9

125 1 6 1 9 10 6 10 5 7 7 3 6 4 4 4
130 1 2 6 5 8 5 4 4 6 5 2 3 1 7 1

135 4 7 5 5 3 3 6 6 3 2 /. 7 3 1.
740

145 2

1

1

2

2

4

4

1

2

3 4

7

/.

3

2

2

2

1

3 7

I

1 5

1

1

1

3

1
150 1 2 2 2 2 1 1 1 1 2 1 ^. e

155 1 2 1 1 1 1 1

160 1 1 1

M

165 1 1 1 1 1
170

175

1 1 1

^

1
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TABLE 15 STEELHEAD TROPT Lc,NCTH FREr.UENCIzS
JANUARY 1 - 5, 1946

T,vpe of ^nater ^.ffluent
4.frigerated

Effluent 1:3 1310 1:50 1:250 1:500 1:1000 River Fater

Lo't 5os, 1B 2A 38 4 5L 6® 7® 86 9A 109 11 12 13 1/. 15 16 17 18 19 20
en^ nun

70 1

'75 2 1 1
80 1 1 22

°5 1 2 1 1 1 1 1 1

90 1 2 1 2 2 2 1 1 1

95 2 1 2 1 1 1 1 2 4 1 1 1 2 1

1n0 1 2 2 1 1 1 2 4 1 2 1 2 2

1^5 1 1 3 3 1 2 1 2 3 3 2 3 5 2 5 4
110 1 2 1 1 4 1 4 2 4 2 1 3 3 2 4 /. 3
115 2 2 2 1 2 4 1 /. 2 5 6 2 4 4 6

120 1 2 3. 6 4 3 6 4 2 4 4 3 3 7 4
325 1 3 3 5 4 3 5 5 2 7 10 4 4 3 9
130 2 2 /. 6 7 5 8 7 6 11 7 4 6 5 3 5

135 1 3 4 2 8 7 4 5 3 6 4 2 7 2 4 2:

140 2 2 3 6 6 7 7 5 7 3 2 3 3 4 3 -
315 1 6 7 7 4 2 5 2 4 1 2 2 6 3 1.

150 2 2 2 2 3 4 3 2 2 4 3 5 2

155 1 4 7 1 3 1 4 1 ? 4 1 1 7. 1

lE0 1 4 3 1 4 2 1 2 1

155 3 1 1 3 1 2 3. 2 1 1 2

170 2 2 1 1 1 1,

175 2 1 1 1 1 1

1d0 1 1 1 1 1 J.

135 2 1

4,

^

. .,

r..W i: ^`.,
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•'-- - 4TE.LiT:d Tn.[T ^as}E :Fi;.''.T IN G36.1:

:'.• ;` ••avr .. ...-•rt
?•frigrratee

? .._.ent
1:5CD

sefr?g;ff. 2 :5^ 1:1CC 1:250 1:500 1:3000 P.SV•r Water

int 1,. 4 5 6 7 8 9 1C 11 12 13 14 15 16 17 18 15 20

3.14 3.4? ..1.- 3,23 3.45 ?.27 3.17 3.40 3.26 3.21 3.07 2,57 3.33 3.29 ... 3.30

_-• - 3.z^- 4.38 3.95 3 a5 4.32 4.13 4.Cb 4.32 4.!6 4.10 3.80 ?.00 3.7E 3.°7 3.92 3.82

[ v :.9 :.t^ .. s:4 5.51 4.55 4.Q3 5.63 5.?6 5.15 5.^5 5J1 5.44 5.11 5.10 4.71 5.:•E 5.i1. 5.08

,?.; ',.,_ ... . !.: .^3 ^.93 E,78 7.24 7.39 E,97 7.37 7.02 7.11 6.75 6;2 6.46 7,51 7,04 6.46

9.51 ?.34 8.55 °.CU. 4.G^ 8.56 9.29 R.4- 9.09 E.42 8.49 8.14 9.7^ E.62 3.36

.et. ? ... .' .. .. 11.lE .3.F9 11.93 1:: 2 13.(w 13 .26 12.49 12.92 11.9: 2.343 21.12 11.22 11.75 13.94 12.14 11.59

w

I

/
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T:AL•, 17 STFFLIF_AD TROBI AVFlNGE &'EIGNT IN GRAMS
FINAL C06'DITIONS

T,vM• of.ater Effluent
Refrigerated

Effluent 1t3 1:50 1:10 1t250 1:500 1:1000 River Water

Lc+ Aos, 75 2 3B 4 51 6L 9A 10i 71 FL ll 12 13 14 15 16 17 18 19 20

'nt, 8 4.79 N N 11.78 13.89 11.83 12.12 13.09 13.26 12.49 12.92 11.90 13.03 11.12 11.22 11.75 13.94 12.14 11.59

Let. 22 4.80 0 11,50 0 13.30 17.20 17.02 18.42 16.44 17.96 18.04 16.92 17.70 18.90 15.06 17.04 16.91 17.17 15.71 14.98

1 ov. 5 6.00 11.86 17.84 23.63 21.80 23.67 22.08 23.92 23.62 21.98 22.26 23.28 18.59 21.47 20.31 21.72 19.00 19.18

! m•. 19 7..?0 F 1/..14 F 23.11 30.72 26.14 28.00 27.00 29.90 27.40 26.63 26.00 27.27 21.29 25.51 24.36 26,90 21.98 22.65

-•o. 3 1 16.28 1 30.00 36.83 31.94 34.79 34.73 38.00 33.70 33.33 32.00 33.27 26.17 31.08 29.09 32.14 26.04 26,09

c,e. 17 13.75 S 19.38 5 34.89 44,66 36.02 38,96 39.61 43.40 36.E0 36.12 35.10 35.78 29.57 35.10 33.59 36.00 30.00 29.83

:ee, 31 is:̂ R 20.71 N 42:2 50.83 39.06 4z.34 43.78 46.94 40.00 39.39 37.75 39.84 32.34 37.65 36,40 39.58 31.98 32.17

1

^

^

^ .`.
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TSBLE 18 It0ET7yITIES OF 18TN00Y S111t0N BGCS INC{B1TE0 IN
4iNI08S CONOEM'RITIONS Of AEFA }FPLtEtlf 6LTER

Type of Aater E f f 1 u e n t
E Jr f 1 u e n t

2nd Ser3ee
Befri6erxted
E f f 1 u e n t 10

103
2 nd S e r i e e 1g10

Lot Noe. ]i IB 21 28 10 ID 20 20 31 38 41 48 5L 58 6i 6B 50 5D 6C 6D 71 78 Pi £"°

Nuaber of Eggs 0 8 10 56 0 1012 998 10 986 920 925 1031 1108 1195 10 51
S °2 + Va . 991 1015 028 1007

^
231 7 87 11 . 2 1 77

S e^E° No, 1 1 17 28 28 17 111 142 134 41 " 'C! 49
e G t:o, 32 45 55 19 15 10

o b

Sta e°&° Nu 1 10 1 7 3 ll 23 25 39 27
Sta e°F° No. 18 4 2 22 0 4 1 ?3
o ^uober 1031 102 1010 33 37 35 40 240 330 328 359 901 10 4

100 100 100 100 21.68 33.96 i1.06 34.56 100 1C0 lOC 1CC 2,67 4E.47 42.01 55.95

a

Type of WaGr 1350 1s250 1t5CA 131000 S I Y E n S L T E 8 C 0 N T E 0 L

Lot Noe. 94 9B 102 103 1L 11B 121 123 131 13B 14l 148 154 158 16. 1 16B 174 113 182 18u 1% 155 201 20

Sumber of E e 77 l0 6 l000 oB 10 0 102/ 903 110 54 11 53 1127 YR 1066 1052 1097 1099 1010 1025 10E8 1063 1213 1009

Sta e.. ho. 249 211 220 24 5 2'
<

1 201 2C0 111 53 125 12 192

e o. 27 8 12 18 28 22 12 9 8 ll 0

-e ° N0 2 34 2 20 2 i 33 19 18 12 1,.
Sta P LC 25 22 20 <2 ?2 72 4 72 1 1C 20 21

1 O 11 O o 1C 8 16 9

T

J

•e I.o
C 296 349 330 218 300 269 315

8
274

8
209

8
159 192

5 5
2<5

1i

171 'v
Tta1 Nbmber 96L 3 9

37.26 29.83 29.G0 32.23 30.81 22.87 19.67 01 16 3 16.08 19.7
^..

°^. . . . 4,.. - . . . ,, .. ,..^.

Y,

F-0:

^
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TABLE 19 NORTALTTIFS OF CHINO0% SAL4i0N FRY (SPHIES 2) HELD IN
VARIOUS CONCENTR6TICNS OF iREA FFFLDENf WITFR

Type of Water Effluent
Rafrigarated

Efflvent 10 1:10 1i50 1i250 1=500 1:1000 River Water

Lot Nos. lr 2r 3 4 5r Sr 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Namber of Fiah 1885 1779 1472 1345 1794 1832 998 3139 1332 31,17 1481 1528 1368 1765 7327 3446 1616 1741 1777 1741

Nortality

-----D+n. 5 1 4

Dec. 6-12 35 13 2 7 5 16 22 1 5 4 2 1 3 1

Dea. 13-19 413 244 3 3 2 3 1 1 2 2 1 2 8 5 7 4 7 7 7 6

Dee. 20-26 31 50 41 18 20 17 5 5 2 3 6 2 2 7 1 3 6 5 3 5

Deo. 21-Jan.2 170 121 23 2 67 196 17 26 7 5 7 3 6 1 2 1 1 2 1 3

Jan. 3-9 650 49D 3 3 187 312 8 14 5 2 1 2 1 1 l.^av

Jnn. 10-16 499 738 9 1 301 402 14 18 4 2 2 4 4 2 2 3 2 1

Jan. 17-23 86 111 32 21 374 282 10 22 2 3 1 3 2 1 3 5 1 2 1

Jan. 24-30 1 12 166 144 346 240 11 11 9 6 4 5 7 4 5 5 7 12 12 11

Jan. 31-Feb. 6 A 8 349 274 328 222 22 21 4 3 4 9 12 5 8 5 6 10 12 2l

Feb. 7-13 D 711 2 103 94 36 43 6 4 8 2 ll 6 9 8 6 7 ll

Feb. 24-20 91 161 24 16 33 41 3 6 8 9 6 2 9 !, 9 17

Feb. J1-27 12 30 9 39 6 3 8 11 3 7 3 10 12 5 8

d

Tota1 IE85 1779 1,70 1342 1768 206 26; 51 44 54 E8 r+6 44 40 50 57 75

B 100 100 99.86 99.78 6 8 3.83 3.10 3.65 3.14 4.82 3.01 3.46 3.53 3.68 4.22
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TABLE 20 NORTALITIES OF CBIROOh SALE;ON FINGERLII•GS (BFRIES 2) HELD IN
VARIOUS C4CE6TRATI0N5 OF AREA EFFLUENT WATER

;

[

Tyoe of Water
Efflu.nt RefrlBerated

Effluent 1:3 1:10 1:50 1=250 1000 1i1000 River iiater

Lot Nos. IB 25 33 AS 5S 68 7 8 9 10 11 .12 39 14 15 16 17 18 19 20

No. of Fish 491. 487 491 481 479 490 481 472 496 492 493 501 492 497 1.98 495 492 496 496 498

Feb. 28-Lar. 6 3 3 4 1 4 8 12 3 1 3 1 1 1 3 2

Yar, 7-13 5 3 3 2 10 14 2 1 3 1 2 2 1

6SSr.14-20 4 3 3 6 3 ll 12 1 4 1 2 3 1

Har. 27-27 97 31 3 3 5 7 10 1 1 1 1 1

kar. 28- 4pr.3 192 72 13 2 3 7 9 6 1 2 2 1

Apr. 4-10 75 77 20 10 3 23 3 8 1 1 1 2 2 3

4r. 11-17 15 34 23 23 13 31 12 2 2 1 1 2 1 1 1 2

Apr. 1.8-24 34 61 51 78 33 34 13 13 2 1 1 1 2 3

Apr. 25-ltay 1 19 51 60 63 70 59 27 22 3 3 2 1 1 2

May 2- A 17 58 95 67 96 83 27 34 3 1 1 1 4 2 2 2 1 4k̂^

Nay 9- 15 9 24 55 35 47 30 2/. 35 2 5 2 2 1 1 1 1 4 1

^/

May 16 - 22 1 7 62 57 29 17 14 35 3 1 1 2 1 3 1 5 1 3:=

May 23 - 29 6 20 35 31 11 15 18 31 9 8 . 1 3 2 3 4 3 -?. ^; -
6/ay 30- June 5 A 16 30 46 15 16 23 Al 8 7 4 3 3 F 2 1 5 2 5 t

June 6- 12 4 10 2!. 33 22 15 21 26 4 5 1 2 5 6 4 5 6 4 lit: .:_

June 73-19 3 3 4 24 12 11 10 7 3 3 7 3 3 7 5 17 11

June 20-26 3 6 2 3 65 59 22 11 11 4 6 6 4 4 6 4 10 9 17 6
J+ua 27-Jnly 3 1 1 1 4 13 93 9 8 5 A. 1 3 3 2 3 1 7 3

T6tis7 493 480 480 472
4

4 7 446 269 330 61 44 34 30 31 29 26 27 46 35 59 50 ^:

% 99.80 9R.56 07.76 98,13 93.32 91.02 55.93 69.92 12,30 8.94 6.0-0 5.99 6.30 5.84 5.22 5.45 9.35 7.06 13.91

rr"'=1

10.0f
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T6E18 21 IENGTN FRDZUENCIES CF CRINOOS SiI]dON (SERIES 2) RRID
IN VARIOUS CONCENTROTIONS CF AREA EFFLUENT Fi®TER

dnNUeRY 30 - 31, 1946

• + I ^ _

Type of Water Effluent
Refrigerated

Effluent 1:3 1:10 1:50 1:250 1:500 1:1000 River Water

Lot Noe. Ir 2r 3 4 5r 6r 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Leng-th - m.m.

28 4

29 8 5 6

30 N N 27 15 13 10 1 1 1 1

31 0 0 9 23 19 21 1 1 1 1 1 1 1 1

32 2 6 10 17 3 5 5 1 5 5 9 6 12 5 10 8 5 5
33 F F 1 2 2 12 8 18 9 15 19 17 18 17 17 20 14 19 13

34 1 I 7 9 18 23 21 19 15 13 17 19 15 23 19 20
35 S S 13 12 6 11 8 6 7 10 3 7 2 5 4 10

36 II N 10 11 2 4 2 2 1 1 2 1

37 4 4 1
38

39 1 1 1 1 1 r r I F

CID
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TgELE- 22 LENGTH FRERIIENCIES OF CHINOOK SALMON (SERIES 2) HELD
IN VARIOUS CONCENTRATIONS OF AREA EFFLUENT WQTFR

FkSRUIRY 26, 1946

Type of Water Effluent
Refrigerated
Effluent 1:3 1310 1:50 1=250 1:500 1s1000 River Water

Lot Noe. lr 2r 3 4 5r 6r 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Length m.m,
30 3 1 4 1

31 2 8 6

32 N N 4 9 6 2 1

33 a o 3 4 2 2 5 1 1

34 1 1 2 7 1 2 1 1 1 1 1

35 F F 4 5 4 4 4 3 2 6 2 5 4 u 5 5

36 I I 6 9 4 10 6 12 17 16 16 12 10 13 12 7

37 3 S 7 5 8 16 14 16 17 14 18 16 16 14 20 22

38 H N 7 6 11 12 7 8 11 11 14 8 9 11

39 8 6 14 6 6 5 1 3 - 5 3 2 4

40 9 4 8 14-1 11 3 1 1

41 3 2

I

1

.n. . ^

•r.

r



9 l i ' ^ ^3 ^I a 3 6

^

^O

TABLE 23 LENGTH FREQUENCIES OF CHINOOK SALMON (SERIES 2) HEISI
IN VARIOUS CONCENTRATIONS OF AREA EFFLUENT 11ATF12

NflRCH 270 1946

Type of Water Effluent
Refrigerated
Effluent 1:3 1:10 1:50 1:250 1:500 1:1000 River Water

Lot Nos. 1S 2S 3S 4S 5S 6S 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Length in m.m.
32 2

33 1 2 6

34 2 1 3 7

35 1 2 2 5 4 1

36 2 1 10 5 1 2 5 1 1

37 8 3 9 11 4 2 3 1 3 1 1 1 2 2 5

38 14 12 11 11 12 11 3 3 3 2 2 6 2 6 2 3 4 2 4 8

39 10 12 8 15 3 10 3 5 5 2 3 8 6 5 3 6 7 9 9 7

40 9 10 5 4 10 10 4 3 10 7 16 13 10 16 10 9 12 8 13 12

41 5 8 2 5 9 6 2 12 15 5 12 9 12 18 14 10 13 'E 8

42 1 3 1 9 5 7 2 12 11 12 6 11 7 10 9 9 8 9 4

43 1 6 2 4 3 4 9 8 1 7 3 6 5 7 6 3 5

44 4 3 4 3 3 1 4 1 3 1 1

45 1 3 1 1 1

46 2

47

48 1 1

49 1

,..:

P Y^

ÎE%O

^
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TABLE 24 LENGTH FREQUENCIES CF CHINOOK S9Il:ON (SERIES 2) HELD
IN VARIOUS CONCENTRATIONS CF 1RFA EFFLUENT WATER

AI3iIL 25i 1946

Type of Water Effluent
Refrigerated

Effluent 1:3 1:10 1:50 1t250 1:500 1:1000 River Water

Lot Noe. 15 2S 3S 45 5S 65 7 8 9 10 13. 112 13 14 15 16 17 18 19 20

Length in m.m.
35 2
36 2 1 3 2 1

37 3 2 8 3 1 7

38 4 3 12 11 5 6 4 2 1

39 6 4 12 11 7 5 4 4 1 1 1
40 9 9 10 11 4 7 3 2 1 2 2 1 1 1 1 2

41 8 11 5 7 8 6 2 2 2 2 5 1 1 1 1 6 2 3

42 11 7 2 4 2 10 3 3 2 3 3 8 5 2 6 5 5 5 7 7
43 6 7 1. 1 5 5 3 2 4 5 10 7 8 10 3 8 4 6 7 8

41. 3 4 6 4 4 3 7 5 9 5 6 8 5 4 6 8 8 8

45 2 6 3 1 3 6 7 9 5 7 11 10 11 8 9 9 8
46 1 3 2 5 4 8 12 5 6 8 10 5 7 8 4 4 4
47 1 6 3 7 7 5 7 11 3 10 7 6 4 4 3
48 1 1 6 3 7 2 2 3 1 2 6 4 1 5 3 6
49 3 2 5 1 1 1 i 2 4 4 1 3
50 4 1 3 2 1 2 2 1 1 2 1 1
51 2 2 1 2
52 1 2

53

54 1

55
56

57 1

.

^

9

^

^.
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TdBLE 25 IMTH FREt1SIENCIFS (F CHINO0& SWION (SERIFB 2) HEID

IN VARIOUS CONCENTROTIOHS (F AREA. EFFLOENT W1Tp5t

MAX 220 1946

Type of Water Effluent
Refrigerated

Effluent 1:3 1:10 1:50 1:250 1s500 1:1000 River Water

Lot Noe. 1S 2S 3S 4S 5S 69 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Length in m.m
35 3 2 1 3

40 14 23 40 38 10. 15 7 9 1

45 6 27 7 10 23 26 8 13 1 2 1 1 2 3 3 3 5 3 4 1

50 14 8 11 16 19 18 19 25 21 28 21 17 24 8 27 1Q

55 1 1 10 7 20 27 25 21 21 19 16 25 16 23 18 28

60 1 8 2 9 2 5 3 6 10 5 5 12 1 6

65 1 4 1 4 1

70 1

.
^

^o
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TABLE 26 LENGTH FREt2UENCIES CF CHINOOK SALMON (SERIES 2) HELD
IN CCNCENTRATIONS CF AREA EFFLUENT WATER

JUNE 190 1946

Type of Water Effluent
Refrigerated

Effluent 1:3 1:10 100 1s250 1:500 1:1000 River Water

Lot Noe. 1S 2S 3S 48 58 65 7 8 9 l0 11 12 13 14 15 16 17 18 19 20

Length in m.m.
40 3 6 4 2 8 2 1

45 2 10 7 11 19 18 5 6

50 1 4 1 1 13 9 8 6 3 1 2 1 2

55 1 9 3 7 5 5 5 8 7 7 6 1 6 2 2 11 5

bo 5 7 5 3 13 10 12 13 10 17 16 8 18 13 22 11

65 2 3 6 7 8 15 21 18 16 19 15 ^18 13 20 8 18

70 1 5 7 12 14 4 6 6 6 13 10 9 8 7 9

75 4 11 6 3 5 4 8 2 3 6 4 6 1 4

80 5 1 3 2 1 3 2 2 2 1

85 2 2 1 1

90

H95 . 1 1

^

P :•

.c{
•.^
m, .W
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TABLE 27 LENGTH FREQUENCIES OF CHINOOK SALMON FINGERLINGS (SERIES 2)
HELD IN VARIOUS CONCENTR&TIONS OF AREA E6FLTJENT WATER

JULY 3, 1946

Type of Water Effluent
Refrigerated

Effluent 1:3 1:10 1:50 1:250 1:500 1:1000 River Water

Lot Noe. 15 25 38 4S 55 65 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Length in m.m,
35 1

40 1 3 1 1 1

45 3 4 5 4 1 1

50 2 2 2 3 3 4 6 1 1

55 1 1 9 7 5 3 1 3 1 1 2 1 1 6 4

60 1 7 13 4 2 6 7 5 6 5 6 6 3 7 5 12 3

65 1 9 10 11 6 8 12 10 10 17 11 15

70 1 2 8 7 14 9 13 12 9 13 10 1

75 3 1 5 4 10 9 8 8 8 5 12 1

80 1 5 2 2 5 6 7 7 3

85 2 5 7 1, 5 6 6 2 3 4

190 3 5 3 2 2 2 1 3 1 1

95 1 2 1

100

105

110

•. :

Mi

T^i:;
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